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Techniques  ate  pcoscncod  Co  dcscclbo  and  quantify  various  hydro- 
logic-land use  interscclona  vhlcli  occur  ulthJn  a watershed  or  rlvor 
basin  in  order  that  envlronnental  quality  be  maintained.  Surface  run- 
off quantity  and  quality  ate  characterised  au  a function  of  land  use 
and  drainage  pactema  at  several  levels  of  reaolutlon  including  Coe 

areas  of  ruooff  and  nutrients  are  dlarlngulehed  along  with  asaoclaced 

Charactetistics  of  Che  hydrologic  and  nutrient  cycles  in  the 


vaciautf  nqunClc  syeteiM  arfi  dapei>dcnt  an  reccnllon  tide  fat  phyaicel, 

A daily  hydraloslc  wnter  balance  is  apiillad  to  earh  BoU-land 

eoncinuous  eaciaate  of  Gtoragc  and  total  mnoff.  Tbc  output  runoff  ia 
a function  of  rainfall,  land  use,  aod  drainage  pacternn.  and  hut b 
d predicted  future  conditlona  are  alsulatcd.  Source 

nc  loading  rated  era  calculated  for  each  planning 
unit  using  lacaaured  concencraclons  of  total  phosphnrua  and  predicted 

areas  doBjnated  by  InCenae  drainage,  the  dralnago  density  index,  a 
and  nutrient  loading.  Detailed  menaiirenenCa  of  drainage  density  for 


PoCcntial  ni 


L runoff  VDlnaoe  and  nutrlanr  toeding  frnn  the  land, 
.e  storago.  Upatreeei  lahe  reconclrn  tinea  should  be 


IWrKOUUCTICB  ASD  OVEBVIEW 


compeclng  usi 
coorplexHy  a' 


;q  accelerace.  Agricultural  and  urbiif 
lave  f ar-raacli  lag  effecca  Iroo 
,al,  and  cnvlrotiaeutal  etandpoints.  The  problem  of 
1 acceptable  dJatrlbutlon  of  uacer  quantity  for  all 

naintsinlng  high  levela  of  water  quality  at  the  eema  tlj 


EnvironBental  resource  planners  are  being  asked  to  solve  chcaa 
very  probloma  In  aucli  a way  that  econoale  productivity  fro*  agricul- 
tural and  urban  pursulta,  along  with  environnental  quality,  are  both 
aalntoincd.  In  addition,  solutions  should  not  favor  any  one  group 


recycling  will  allow  users  cf  watsr.  e.c.,  ounlclpal.  Industrlsl, 
sgricultural,  rocreatlonsl,  snd  ecologies!,  to  calst  hscraoniously 
within  the  saas  region.  The  resllty  of  Che  trade-offa  which  exiac 
between  continued  ecoooodc  productivity  and  envitonnencal  quality  si 

no  doubt  that  sacrifices  will  have  Co  be  aade  in  one  er  both  of  tha 


The  problem  Co  be  invostiyatod  here  revolves  around  the  qus.sclon 
of  balancing  agricultural  and  urban  ewpanalon  with  environwntal 


I define  parcraeLers  which  describe 
if  aepanslen.  Hensucad  clunRea 


T quality  ri 


quality,  iDcasured  au  IiydrulaSlt  end 

In  land  uac  and  diainage  patterna  li 
startinB  point  for  eatiniallng  the  ii 

The  prediction  of  aasociaCed  hydrologic  a: 
aes  which  ealat  under  preaenc  land  uaa  regimes,  and  which  eay  roaulc 
under  some  future  condUion  presents  a more  complea  problem.  Such 
cause-effect  relatlooships  are  ooly  now  being  addressed  by  environ- 
mental resource  planners.  U Is  first  oecesnary  to  define  indices 
of  environmental  quality  utiloh  can  be  measured  or  predicted.  Secondly. 

age  pectornB  so  thee  a variety  of  interactions  esn  be  evaluated. 
SinallVi  tJic  question  of  controls  or  ennatroints  on  iheae  lodiees 
Dust  be  addressed  so  that  crade-affs  beeweeo  aconoQic  expansion  and 
environmental  quality  can  be  quantified.  The  above  concepts  are  iotro- 

Traditlonal  approaches  to  river  baaln  studies  have  placed  little 
emphasis  on  linkage  mechanisms  which  relate  land  use  and  drainage 
conditions  to  resoltlng  hydrologic  and  uatac  quality  reopnnses  in  the 

quality  include  the 
associated  nutrient 
plant  growth.  Alterations 


1 configurations  ci 
water  quality  neasi 


surface  runoff  end  etreamflow,  and 

loadings  which  stimulate  aquatic 

e significant  impacts  on  these  hydrologic 


Ob  lecclves 


Ttie  Bviln  oSjecclve  oC  t 
varioiis  hydrologic-land  uoo 

This  tequlreo  Chat  a CBchnlquc 
rwnoif  quantity  and  quality  aa 
pacterna.  Influences  of  soil  i 


c unvlconncntal  quality  be  isaiiitained. 
c devised  Co  characterize  surface 
I fuaction  of  laod  use  and  drainage 
orage^  vegetative  cover,  drainage 
Incenelcy,  land  uae,  topography,  end  cliaece  rust  he  directly  consi- 
dered because  they  all  affect  hydrologic  end  worec  quality  responses. 
It  Is  Impoctanc  to  onnaider  these  Interoctioes  at  several 

of  the  votershed.  Levels  of  resolution  which  are  investigated  Include 
Che  river  basin,  tributary  systens  <plaonlng  units),  labe  unlLS,  and 
aarsh  ataas.  Analysing  these  different  coaponencs  allows  quantlflca- 

tranapert  aechanlsns  through  the  system. 


Initial  chapters  serve  as  a Itccrarece  review  end  lay  the  ground- 
verb  for  more  detailed  pcesencatlons  of  theory  atid  application.  Ihap- 
ter  n Introduces  general  hydrologic  principles.  Including  a diecuseloe 
of  drainage  basin  characterlatlcs  and  the  hydrologic  effects  of  vegeta- 
tion and  land  use.  The  chapter  concludes  with  e section  on  wecershed 
slDulatlon  aodela.  Chapter  111  dtacusses  water  quality  and  ecological 
principles  with  esphasis  on  describing  non-point  nutrient  sources  and 
cycling  In  aquatic  aystams.  A review  of  water  quality  models  indicates 
the  close  relationship  which  eslats  berueen  hydrologic  and  nutrient 


procCTces,  thus  providing  mntivalitm  for  invsstigacing  Unkagu  mechan- 

Tfae  KiBSiiBoea  ftivur  Baaln  In  control  Florida  is  undergoing  pros- 
sure  for  rapid  expansion  and  was  seleccod  for  this  research  study 
(Flgurell).  Chapter  IV  doscrihes  the  environmental  resourcea  In  Che 
basin,  along  with  observed  load  use  changes  and  water  quality  respnnses. 
For  convanlcnce,  the  baaln  is  divided  into  svbuatarsheda  or  planning 
units.  The  upper  portion  of  the  bsaln  consists  of  a chain  of  large 
lakes  undergoing  tepid  urbanlaatlon.  The  lower  basic  id  undergoing 

regime  dostlnated  by  improved  pasture  with  drainage  canals.  In  addi- 

BLem.  Uater  quality  degradation  in  the  form  of  excess  nutrient  Icsd- 

Increasing  over  the  lest  two  decades.  Thera  is  concern  for  protecting 

tributary  tn  Lake  Okeechobee,  which  provides  water  supply  to  all  of 
south  Florida  and  cho  Everglades. 

Charactcrlatios  df  Che  hydrologic  aod  nutrient  cycles  in  tbc 
giasimmoo  giver  baaln  provide  a valuable  conceptual  framework  for 
undorstaoding  the  overall  sysCam  dynamics.  Each  of  those  cycles  la 


rharocrctlBCic 


IS  necessary  tine  for  physical,  bloloslcol,  or  chevical  upcahe 


cha  greater  cha  upCake  of  nucrlenta  eichar  as  plant  bldoaes  or  sa 
sediDenta. 


for  loveaclgating  cha  response  of  various  basin  cosponenCs  to  changing 


Hydrologic  outpot  fro 
mnoff  volumes  on  a dally 


o dotullcd  sppllc.lLloo  of  storngo 
of  Che  drainage  basin  is  Che 
■n  developed  nhich  dlraecly  in- 


Characcerlsclc  retentior 


:h  plaonlog  wilt.  Both 


calculated  under  changing  reglnes 


contribute  large  percentages  of  surface  runoff  can  be  Identified,  ond 
unit  can  be  investigaced.  In  chls  way,  Che  hydrologic  skodel  provides 

of  land  use,  with  agricultural  lands  conCrlhucing  the  highest  loads  due 
CO  ferClliasLion  or  cattle  density.  Pater  guallty  dogradailoo,  primarily 


PgEBDClal  oucrlenc  loadltig  rates  arti  calculated  for  each  ploualog 
unit  using  oeuaured  concontrationa  of  total  phosphorus  and  pradicLad 

higlier  runoff  races  In  areas  doalnatad  by  incense  draJnaga.  When 
drainage  canaie  are  used  for  ioproved  paaCure,  raaxinua  storage  capacity 

cribuce  Co  an  IncrcsBe  in  potential  nutclont  loading  from  intensively 
drained  areas  for  several  ceauons:  1)  Che  lengch  of  overland  flow 

through  vegetation  is  slgniflcancly  reduced,  2)  travel  cioea  through 

velociclea  In  canals  excaad  ratos  necessary  for  physical  upceka,  aud 
d)  vegeCative  surface  atea  available  for  biological  upcoks  is  reduced. 
DeCslled  anelyees  of  lend  nee  and  drainage  paccerns  along  tike 

Index,  defined  as  the  total  length  of  watervaya  divided  by  Che  as.eocisted 

of  land  use  intensity,  runoff  volunea,  and  nutrient  concentration 

Drainoge  density  is  directly  related  to  the  average  length  of  overland 
flow,  soil  Bolsture  storage  capacity,  and  surface  runoff  volunes  via 

entire  planning  unit. 


while  each  hydrolng^w  cmaponont  in  the  basin  has  a chacaelerinLle 
tecentlon  time  far  starage*tteacs>cnt,  it  follows  that  t)>e  KIsbIdoo 
River  Basin  taken  as  a whole  can  also  bo  chacactericcd  nsing  die  same 


Istic  reteetlon  time  and  storage  capacity.  While  Rcaaonal  storaBe 
has  bean  reduced,  and  peak  flows  have  increased  in  the  river,  the 
annual  retention  time  has  probably  been  reduced  due  Co  cbanncllzaclon. 


loading 


tee  severe  ie  the  tributary  drainage  areae  olong  the  river. 

channelleation,  but  it  la  undeniable  that  both  actions  have  served 
Detailed  analyses  of  Che  upper  lake  units  indicate  a aiallac 

receiving  weCer.  take  Tohopekaliga  ie  Che  pcinary  reclpleoc  of  nu- 

eoucce.  The  leke  haa  a large  recencion  ciite  and  nece  ae  a storago- 
creecmenc  unic  for  cheee  waatea,  aasimilaciog  a largo  laajorlcy  of 
nuCrienCB  as  aguacic  plant  uptake  or  scdlraenca  before  the  water  flowa 


along  with  uptake  rates  of  total  phouphorue.  This  type  of  unalysia 
loading  to  the  lake  le  oontrollud  or  curtailed  In  the  Futute. 
drainage  systast  where  runoff  water  travels  overland,  through  a 


contriljutltiji 


The  Above  dlecosslon  hae  preeented  a general  fraeework  lor  the 
aoalyaia  of  hydrologic  lend  uee  Inteiectlone  at  aevernl  levela  of 
resolution  in  a river  basin,  he  the  deteile  of  these  relaclonehf ps 
unfold  In  the  reoalnlng  chapters.  It  should  he  retaeinbered  that  the 
prohlen  of  helanclng  land  use  expansion  with  environaentel  quality 
Is  both  cooplex  and  conflicting,  and  that  a variety  of  groups  arc 


interested  In  the  overall  outcooe.  Thus. 


oa  before  InpIeaienTstion  c. 


HYDBOLOCIC  PSIKCIPLES  N 


MANACEHEST 


^ Hydrologic  Cycle 


Tbe  hydrologic  cycle  Is  a concept  which  considers  the  proceeses 
of  Mtion,  loss,  and  recharge  of  the  earth's  aaters.  Hydrology  Is 
defined  In  Che  following  manner  (Cltov.  196A;  p.  1-2). 

Hydrology  is  cho  science  that  trcace  of  the 

latlon  end  distribution,  tlielr  chemical  and 
physical  properclGB,  and  their  reaction  with 

As  Indicated  in  Figure  2.1.  the  hydrologic  cycle  mey  he  divided 

and  3)  niiriace  and  groundwater  runoff.  Quantities  of  wntcr  going 


0 - outflow  of  water  pet 

he  hydrologic  cycle  has  neither  beginning  nor  end.  as  water 


or  percaXate  ti 


« fnte[CGpcc<l  or  rr^msplred  hy  plants,  nay  bvcona 

nay  be  atored  es  soil  noiotore  and  evepotreoaplred, 
a dcopcc  zones  Co  hecone  pare  of  groundwater  flow. 
Surface  and  groundwater  flow  fron  the  land  eventually  reacbea 
screaDS  or  lakes  from  which  water  evaporatvs  to  coeplcLe  the  cycle. 
The  hydrologic  cycle  is  conprlsed  of  the  various  conpllcaced 

Incerccprlon,  infiltration,  percolation,  storage,  and  runoff-  Ihe 

preaenred  in  detail  in  all  of  the  following  references^  Chow  (19SA), 
DnUlest  (1965),  Eagloson  0970),  Cray  (1973),  Lineloy  et  al.  (1975), 

of  Che  hydrologic  cycle  Is  presented  below  by  considering  Che 


presented  in  Figure  2.2,  which  can  be  readily  tranalated  into 

defined  in  Figure  2.1,  are  subscripted  with  a or  g to  denote  pro- 
cesses above  or  below  ground.  For  enainple,  It  efgnifies  ground- 


I]  overfill  hydrologic  budget  (sue  of  equficions  2, 


le  hydrologic  budget  f< 


cfih  be  simplified  to 
P-R-C-E-T-S  (2.5) 

values  of  surface  flov,  groundwater  flow,  evaporation,  transpirfi- 
located  throughout  on  area.  Point  rainfall  data  are  used  to  coapute 


by  the  ratio  of  the  arcs  surrounding 
Surface  flows  can  be  meaaured  by 


lue  of  the  Bveregee.  Orographic 
gage  to  the  total  area. 


flvertend  flptf  an*  difficult  I 
huiluTia,  espuclAlly  during  fl 


ud  cvonCB  uhau  the  soil  is  s.tcuraccd. 
DU  nan  be  obLsfned  by  analveing 
8 during  drought  periods  when  sur- 


aolls,  and  vegecacios.  Decerieinotion  of  the  guenticles  of  water 
enaporated  and  ccanepired  is  also  difficult  because  of  the  depen- 

ere  obtained  by  using  evaporatloo  peoe,  energy  budgeCa,  nans- 
transfer  Dotltods,  or  eoplrical  relntlonshlpa. 


bis  water  through  acreem  > 


e hydrologic  cycle 


. Overland  flow,  or  surface  runof' 
, infxltrstes  the  soil  surface  and 


groundwater 
>r  subsurface 


sLrcAnflaw  is  relallvcly  easacant 
I velpcicy. 


Hie  ralativa 


d of  cainCall  conatata  of  a rialns  llnb,  erase  aegsenc,  and 

and  groundwacer  runoff  la  aonevhac  arbitrary  since  Che  distinction 

exist  for  separating  the  base  flcsu  coeponenc.  The  okisc  vldcly  used 
procedure  consists  of  extending  Che  recession  existing  before  the 
otora  to  a point  under  the  peek  of  Che  hydrogrsph.  Proa  this  point 

Che  peak  (ASC,  Fliure  2.3A).  This  procedure  is  arbitrary  and  no 
in  volume  of  baae  flow  by  these  two  methods  is  quite  small.  Another 


Figure  2.3A. 


1975.  p.  232).  ’ 


DAYS 


arbitrary  rising  liab  is  nkatclied  from  the  point  of  ciae  of  the 
hyrlrogroph  to  connect  rrith  Che  projected  recession.  Thia  ccpacatlon 
technique  has  adeanCages  wltere  groundwater  is  plentiful  and  reaches 
Che  screaje  fairly  rapidly. 


preclplcation  is  the  only  inctemone  of  streaoflow  during  Che  initial 
period  of  rainfall.  The  sun  of  incercepcion,  depression  storegas, 


appreciable  surface  runoff  occurs.  After  a sufficiently  long  tl»a, 
surface  rerencion  and  soil  Dolatura  Icuel  off  to  conatanc  values  as 


water.  The  rate  of  surface  runoff  approaches  a relacively  constant 
percentage  of  the  rainfall  rate. 

rainfall  amount  and  intensity,  soil  charaeteriscicat  vegetative 

logic  response  of  a dralnsge  basin,  several  conceptual  views  or 
are  briefly  described  below, 

Horton  (194S)  Introduced  the  overland  flcpw  model  (Figure  2.41} 


PRCCIPITATION 


would  fleet  be  stored  es  euifece  detention,  eod  eubscquently  would 
bydrograph  separation  tetimiques  which  divide  surface  runoff  froa 


Difficulties 


screaoLflow  hydrugruph. 


important  nodes  of  flow  on  hillsides  in  humid  arene  (Kirkby , 1969) . 
age  basin  and  its  strean  necuork,  along  with  the  feet  that  overland 
development  of  the  partial  area  and  variable  source  area  models  of 
lately  adjacent  Co  streams  and  lakes  as  being  the  regions  most  likely 
and  dibberc  (1967)  suggested  that  runoff  productloe  was  achieved  by 

rainfeLl,  eotecedent  condltiona,  and  basin  characteristics. 


sentation  of  drofnanc  baain  dynooice,  Lhoy  all  have  aeveral  cl 
iflcicfi  ia  coaoaon.  The  verloua  iLydcolo^c  rompoacncs,  both  eurface 
and  suhaurface,  ore  viewed  as  a opeccruo  of  coservolc  scoregea 
with  different  volueea,  inflow  caCOBt  and  oatflow  rates.  Tho 
ratio  of  storage  voluae  to  outflow  race,  i.e,,  retention  time  T, 
serves  as  a useful  parameter  to  dlatinguish  etorage  and  flow  capa- 
cities of  various  componenta  in  a river  basin.  The  reaervoir 

e.g.,  river  basin,  tributary,  lake,  floodplain,  or  unit  of  land  use. 
In  this  way,  it  ia  passible  to  determine  and  quantify  those  regions 

Prom  Che  above  discussion,  It  is  evident  chat  the  rainfall- 
rujioff  process  Is  relstlvely  complex,  and  chat  sophisticated  tech- 

runoff  freSD  tsiiifeli  over  a given  drainage  basin.  The  practice  of 
estlmsclng  runoff  aa  a finad  percentage  of  rainfall  is  counonly 
uead  for  the  dealgn  of  urban  storm-drainage  facilities,  a syaccm 
doalnoced  by  impervious  ereaa.  Computer  simulation  techniques  have 
been  devised  Co  handle  Che  more  complex  problem  of  predicting  runoff 

ia  important  Co  ronelder  man-made  changes  in  land  use  and  drainage 
patterna  and  their  relationship  to  wacersbed  hydrology.  Tlic-un 


re  introduced  In  thin  chepcer,  nnd  i 
r chnptere  along  nitli  application  li 


Dralnaie  Banin  Characcerlarlo 
A drainage  liaein  ie  cHe  enclra  area  providing  runoff  to,  and 

lea  crlbucariee.  Drainage  liaain  or  vaceralied  thua  rafere  co  the 

geologic  or  acrucEural,  and  vegetacional  faccora.  Langhein  (19A7) 
extended  these  ideas  Co  ioclude  topographic  characCeriacica  which 

scribed  bp  topographlo  paraaecers  which  include  area  and  alse, 
shape  aod  potcero,  relief  and  slope,  and  drainage  density.  A 
variety  of  loterpretatloos  are  available  in  any  of  the  fcLLoulng 
references:  Srrshler  (19bdJ,  Leopold  ee  al.  (1964),  sod  Gregory 

Drainage  basin  ares  is  dlCflcuLt  to  corrolste  with  carchoont 

Percies,  high  relief  and  slope  indices  tend  t 


hi^hs^t 


«ad  catchBicnc  ara«  <A)  has  bean  used  as  a guide  to  basin  response. 

significance  depending  on  cacchmenc  cbaraccerlaclcs  and  the  index 
of  ebcaaaflou.  CLyisph  and  Holcan  C1969)  1 

as  OhiOt  upland  infilcracion  returns  in  part 
In  drier  regions,  runoff  per  unib  area  lasy  be  conetant  or  decrease 


lie  ledgeb  of 


sed  by  Morlsauo  (1967) 
slue  in  releclon  to  nessures  of  stresn 


.ch  mean  annual  discharge  (( 
a basin,  Is  of  licilbed 


valley  slope,  exi 


significance  of 


AREA-  Sq,  Miles 

(Clyaph  and  HnltaD,  1969>  p.  54). 


It  is  Ijouird  up  uiti)  otitec  b.tRin  paramctBrs.  Tlicsu  tuna  poltits 
apply  to  basin  shape,  which  generally  delarnincs  tlic*  lag  tine  oE 
the  basin  hydcograpb  responac.  This  eCEcct  can  bu  ohaecved  In 
Figure  2,6A,  S,  and  C frosi  OeUlesC  (1963).  The  pattern  aC  the 
drainage  network  also  affeace  the  hydeograph  cesponeo  as  shown  In 
Figure  2.6D  and  E from  Straliler  (1964). 

Many  of  the  Indices  discussed  above  do  not  respond  Co  t]ie 
dynanlc  cbereccer  of  the  watershed  because  they  express  overall 

characrerlsticsi  perhaps  drainage  denelty  Is  potenLielly  the  aosu 

yield  are  very  tsuch  Influenced  by  the  length  of  weter  couraee  per 
to  input  (output)  to  the  besln. 


HeaaureMot  of  Drelnase  Density 

dralnege  densities  froo  2.0  nl/eq  ai  for  steep  iapervious  oi 
nearly  zero  in  pcnseable  baslne  wlch  hlg)i  infiltration  ratei 


Che  Qodium  (latogory 


Reported  vaZuea  ore  subject  to  error  because  the  denalcias  oust 

the  haslo.  Uortoc  (1945)  originally  auggaatad  measuring  the  water- 

topographic  maps,  but  a dlaadvantege  of  this  method  is  that  not  all 

suppleaencad  the  network  of  blue  Unas  with  additlonai  segaenta 
from  Che  pattera  contour  crenulatiuna  ((hirlaean,  IRblj  Orsbom> 

1970).  Horlsawa  (1957)  compared  several  metlioda  for  measuring 
drainage  density  and  found  that  the  blue  line  method  differed 
algnificaatly  from  other  methods. 

in  some  caees,  from  one  map  edition  to  another.  Oluati  and  Schneider 
(1992)  compared  maps  of  different  dates  and  scales  for  the  Piedmont 
region  and  demoastreced  variationa  la  drainage  densities  up  to  one 
order  of  magnitude  for  scales  of  l!250,000  and  L:24.0DQ. 


Hap  conventioo,  map  scale,  and  nethod  of  determination  of  the 
drainage  net  must  be  considered  to  calculate  drainage  density 
values.  Because  these  techniques  ore  tine-consiaalng,  more  rapid 
methods  of  calculation  have  been  proposed.  Carlaton  and  Langbein 
(1960)  proposed  o rapid  line  Intarsecticn  method  uhich  involves 
draulng  a line  of  kncmmlength  (L)  on  a contour  map  and  counting 


nvprcxira.n- 


dtainnsB  danaity  can  be  axpraaacd  <n  nvl/sq  n: 


Blectconlc  ncannlng  o. 


so  bean  ucllized  (KcCoy, 


rolaclaosblpa  □£  drainage  denaicy  Cc  cliutacic  Inputa  and  alan 

Several  uaciul  relacienshlpa  exiac  for  dcacrlbiog  crrear 

poctaac  for  underetaodlng  drainage  denalcy.  The  law  of  sccear 
lengrhe  (Horton,  ISdS)  ran  be  acated  as 


he  lengcha  of  different  order,  and  r 1 
Another  meaeute  of  network  acructui 


rder  n,  1.  the  ra, 


-u  • <■“ 


of  highly  penDesble  soils,  dense  vegececive  cover,  and  lev  relief. 

areas  tend  Co  have  lower  deaslcles  conparad  Co  setni'arld  cogions, 

(1937}  indicated  a scroog  inverse  relationship  co  the  effecclve 
preclplcecioQ  index  of  Thomchoalce  0968).  Other  Independenc 

roughness,  and  runoff  Incenelcy  were  InveeCigaced.  Of  chese,  only 
surface  roughneua  had  no  slgnlficanc  correlaCloo  with  D..  lo 
anocher  study,  Carlscon  (1963)  Incerpreced  variations  in  drainage 
denalcy  according  co  terrain  cransolsslvlty. 

the  relaclonshlp  of  drainage  denalcy  to  healn  output  la  perhaps 
moBC  significant.  The  drainage  necuork  chararcerlaes  cho  inflltre- 
clon  cepaclcy  of  solla  and  craacee  Che  density  necessary  for  excess 
oucflou  fron  Che  haslo.  If  ehamiel  paccema  are  conscanc,  then  dis- 
charge should  be  directly  related  to  chamiol  densicy  because  channel 
flow  usually  domlnacea  Che  haslo  response.  Runoff  incenelcy  depends 
Co  a largo  extant  oo  drainage  density  (Kelcon,  1957).  Mean  annual 
flood  la  usually  rolatcd  Co  D.  In  Che  fore  Q.  . a oj,  whore  Q.  , la 


I970i  TraXBcr,  1969).  SucI 
biguDU*  rcBulCfi  if  the  seai 


{OcBbotrn, 

CO  dilferonc 


flow  lodlcoB,  and  Gre|ory  uid  Vellins  (1968)  suggest  si 

gives  watesahed.  They  lodlcRCe  chsc  tocsl  chsouel  Icni 
which  is  directly  related  co 
CQ)  ITt  Che  fora  Q a L . 

length  of  overJsod  flow,  soil  DOiscure  storage  capeclcy,  end  rates 

of  volumea  and  flow  rates,  drainage  density  can  be 

r storage  concept  which  has  already  been  incro- 


In  decemlnlng  nutrient  loading  and  uptake  rates.  It  follows  tl 

emanating  from  a watershed  because  of  the  close  relationships  wi 
use.  These  effects  are  explored  in  mori 
n Chapter  V.  Tho  next  section  discusses  Che  effects  of  It 
id  dreinsge  prectlces  on  hydrologic  reeponre. 


fflfHiin 


Includins  forest  hydrology,  agricultussl  hydrology,  botany,  eco- 

advancod  stega  cospared  to  the  analysis  of  oaturol  oiarsh  and  suaiap 

emphasis  on  presenting  c]uantltatlve  results  where  they  exist, 
ehitrient  and  water  quality  consldaratlnns  are  deferred  until  Chap- 


hydrology  is  Che  Internatlonel  Symposium  ot 
end  Loll,  1967).  Earlier  qualicativa 
Kittredge  (19dS)  and  Colman  <19bl). 
eublecc  by  considering 


> presented  by 


■ess  linking  vegetative  type  to  hydrologic  response. 

I)  presonts  reeulrs  ftoQ  studies  of  tropical  watersheds. 


Forested 


eeteapced 


snd  srreanflow  records  for  use  in  clsssiCyiog  die  response 

ad  slope,  averogo  annual  store]  depth,  end  land  use. 

off  or  quick  flow  (V),  and  response  factors  ■=  V/F 
/(P-B)  where  E ■ evaporation,  Hewlett  and  Helvey  (1970) 

a snail  Appalachian  basin.  Voodruff  and  Hewlett  (1970) 


non-significant  indicating  that  response 
>11  storage  and  porous  groundwater 


ungaged  ustershsds  in  the 
paroDeters  describing  sti 

Is  controlled  chiefly  by 

Pereire  (1967)  discusses  the  effects 
energy  budgets  of  tropical  African 

taccing  baoboo  forests  with  seftvood  plantations,  2)  replacenenc 
of  rain  forests  with  tea  pl.-intatlons,  3)  control  of  clear-felled 


cypr««3,  apil  picp  vafi  approzinalely  equal.  Rpplaceacnc  of  rain 
in  BCornflovft.  Peek  flows  wore  up  to  50  clnee  higher  ip  tea 

OouglasB  (1967)  dlscDSsee  the  effects  of  species  and  orrange- 

depths,  than  shallowec-rooced  grasses,  which  eigolfles  that  aoiscure 
use  Is  closely  related  to  rooting  depth.  Length  and  density  of 

In  addition,  alteratioos  in  stand  density  generally  tend  to  reduce 
LI  and  Increase  water  yield  (Figure  2,7A  end  B) . 

Loll  and  Sopper  (1967)  tound,  after  analytlng  137  small  water- 
sheds in  the  hortheastom  United  States,  that  precipitation,  per- 
cent forest  cover,  and  oaalaiuB  July  temperature  are  the  parametera 

multiple  regreaeion  analyaea  to  esplaln  v. 
the  watersheds. 


Hibherc  (1967)  reports  results  for  39  studies  on  the  effect 
of  altering  forest  cower  on  water  yield.  Taken  collertlvely,  these 
studies  revesl  that  foreat  reduction  increases  water  yield,  and 
that  ccforescatlon  decreases  water  yield.  The  control  watershed 
approach,  cne  treated  and  one  untreated,  Is  used  In  most  cases. 


fV 

r 

4- 
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Flrsc-ysqr  ivsponse  to  complete  forest  rcdircclon  vaclos  up  to 
directional  ospect  of  wncerslieil. 

after  regrovch.  Streanflow  increases  are  alnoBt  identical  (Figure 


forested  watershed  studies. 


ir,  hasin  morphology,  geology. 


hydrology  has  made  significant  progress  in  obtaining  quantitative 
relationships. 


Hydrology  of  Aarlcultural  Lands 

The  first  real  Impetus  for  research  on  egzlcultural  hydrology 

conservation  movement  of  the  1930's.  Rcseeroh  was  aimed  at  deter- 
mining the  relative  effectiveness  of  various  farming  practicea 
and  land  usse  In  holding  w.rter  on  the  land  to  reduce  runoff  and 
soil  erosion.  By  1964,  studies  had  been  completed  on  900  snail 


Figure  2.8. 


es  for  Coweeco  UoCershed  23 
cs  (A),  and  Decrease  In 

of  Area  Seforested 


the  USDA  and  the  Sail  Conservation  Service  (SCB>  have  provtded  a 
BufaaConclal  pncc  of  cha  present  knovlcilec  about  land  use  effects 


The  Coshocton  experinencal  vataeshods  were  see  up  to  study 


effects  of  the  treetnents  after  1C  years  of  appUcacloe.  All  re- 


Service,  revieu  existing  knouledae  of 
agrlculcural  watersheds.  The  general  t: 


different  Istlcudoe  Is  thee  i 
related  to  vegetetlve  density 
Studies  et  Hastings.  Mebraske  show< 
froa  streight-ruv  cultivation  and  : 

wacerveys.  and  Increased  grassland 


f froa  small  plots  In  Inversely 
.cb  ae  planned  terracee,  graeaed 


>m  waLcrsbeda  of  varying  s3 


! frequency  of  peak  n 


Study  Hacervheds. 


(Pro«  Ksrrold  at  «!..  1962, 


Table  2.2.  Effect  of  TrcoCoiencs  on  Uater  Yieldl 
Coahoccon  Eaperlmental  Wateraboda. 


<1935-1957) 


(In) 


(Peon  Harrold  cl  al. . 1962,  p. 


RUNOFF 


PERCENT 


RAINFALL 


HASTINGS,  NEeRASKA 


Figure  2.11.  Ceeiperl^on  of  Runoff  from  Coneorvetlon  Heeeures,  N-5, 
and  Straighl~Rou  FanBiDR,  W-3  (Glynph  and  Holcan,  1S69, 


•n  AEudlM  an  various  s> 

conpjaxcs  ar«  prosonccd  In  Figure  2.13.  Both  of  th* 

ences  upon  cainfall-runon  relacianeliipa  on  smell  ei 

agriculture],  forest,  ond  rangelands  has  been  need  i>y  the  USDA 
Co  develop  a method  for  coBpucing  direcc  scora  runoff  fr'm  varioue 

ic  molscurc  as  described  by  Ogrosky  and  Mockus 
(196A).  Figure  2,14  slious  the  basic  foremla  and  family  of  curves 
for  estlaaclng  runoff  by  this  cecholqoe.  Table  2.3  provideu  a 
basis  for  selecting  the  proper  curve  number  for  a particular  soll- 

Interpreclng  Che  hydrologic  performance  of  soil-cover  cote- 

an  easy  task.  Besides  varlacione  in  precipitation  patterns  and 
surface  features  of  weCersheda  as  they  increase  in  size,  the  proh- 

soila  and  underlying  aquifers,  and  by  natural  gains  and  loasoa 

Glymph  and  Boltsn  (19b9)  Illustrate  different  relationships 
uhich  can  result  in  humid  areas,  vhere  some  upland  infiltration 

im  channels,  compared  to  arid  tegloos,  where 


Runoff  Curve  SuBbec*  foi 
Comploxee.  For  Avuragc 
Soil  Moisture  and  Inltli 


Lend  Use  Treolnenc 

or  or  Hydrologic  Hvdroloelc  Soil  Group 

Cover Froctice Condition  A & C P 


Straight  cow 

Straight  row 
Screiglic  row 

Contoured  and  terraced 


Straight  row 

Contoured 
Coo toured 


Stral^t  cow 
Straight  row 

Contoured  and  terraced 


Contoured 


^Including  right-of-way. 


>tethodB  for  dctBling  vltt) 


foe  Ihc  different  reftiorm  (Plflore  2 
the  coaple^Llrles  ef  hydrolo^c  hudgecs  h. 

USDA  (1970)  and  will  be  dlECwafled  In  sore  dotal 

The  U5IIA  approach  Co  waccrahed  hydrology  cl 
need  Co  coaelder  hocb  land  use  or  vegetoclve  cover  aa  well  ea 

In  Figure  2.15.  Vegetation  eigniClcanCly  reduced  Che  race  of  run- 
off front  Che  deep  eoils  (5^=  0.0  In),  but  had  little  effect  on 

sCLidled  by  che  Corps  of  Engloeere  (1951)  using  neesured  velocicles 

..  1.5r'/3.1/2 


>ere  v Is  velocity,  n 
:e  hydraulic  radius,  and  1 


reglaes.  Ogroahy  and  Hockue 


(1964)  ahow  graphe  for  Che  design  of  flow  in 
Manning's  n la  conscant  within  s channel  segr 


d Increeeee 


Effect  of  Vegecacloti  aod  Soil  Storage 
Runoff  Rydcographa  (Blyupb  and  Holcan, 
p.  61J. 


Hanning's  Rougbai^iiB  Coefficienc 


Concrete,  eteel  troweled 


Untreated  gonlce 
Brickwork  or  dreesed  ntafionry 


Uiodlcg,  wicb  poolB  ei 


aLri*pcIy  9S  valer  flev^tlon  rises  dbavc  t]ie  fluodpl.iln  foUnvcd 


suacBp,  and  slough  si 


e hydrologlu  processes  occurring  in  vstland  sisreh, 
■e  only  reconcly  been  undectohcn.  Ihe 
id  surplus  vscer  hes  offered  Che  oppor- 
> drain  chs  eiershlsnds  and  cransCoro  chem  for  crops  and 

as  a resource  or  as  an  obacacle  to  developvenc.  While  aarahes 
causae  of  water  surplus  (Pereira,  1973). 

found  behind  natural  rock  barriers,  foroilng  reservoirs  wlilch  are 
drawn  down  by  cvaporaclon  in  dry  wcacher  Co  provide  some  degree 
of  flood  scorage  in  Che  wsc  season.  Drainage  by  cucclog  through  the 

partial  reduction  of  the  water  level  and  izrigacion  by  inter- 
cepting the  streaiD  as  It  enters  the  sarsh  can  provide  an  agricol- 


-at  streasbed,  as  under  the  restriccod  drainage  condlclona 
Florida,  dead  plant  oiaterial  Falling  into  shallow  ponded 

Duck  soils  gradually  build  up.  A vast  basin  hea  snergcd 


uhosc  soils  ooC  os  o gigantic  spongs,  absorbing  si 
rclcosing  wotnr  Juring  the  wlntnr  drought  s> 
such  nocstios  for  agricultural  production  has  led  to  rapid  oxldo- 

Boud  of  little  Bgcicultural  interest.  In  order  to  alow  the  sub- 
sidence of  the  drained  oiuck  soils,  some  areas  are  being  reflooded 

The  removal  of  vegetation,  to  teplace  a svamp  by  an  open 
vater  surface,  waa  at  one  time  believed  Co  reduce  evaporation, 

Effects  of  marsh  drainage  on  flood  control  ere  difficult  to 
find  in  Che  literature.  Studies  of  a long  historical  flov  record 

increasing  due  to  both  iucressed  rsinfell  intensities  and  drainage 

ship  (Howe,  SlaymaVe^  and  Harding,  1966),  A relationship  developed 
for  swamps  In  the  Soviet  Onion  also  places  significance  on  drainage 


Big  Cyprosfi  Swamp  « 
Ajoiicy  CEPA.  1971) 


caztalm  and  altna  rcicaCe  froo  canals.  An  averasn  difference  gf  62  ob 

above-Bcound  producclvlcy  and  coral  bioBaaa  was  repnrCed  for  Che 
area  under  che  drained  condition. 

Barnes  and  Golden  (1966)  praaent  an  incereacinB  celaclonshlp 
betveen  Che  annuel  flood  accanuaclon  faccor  as  Ic  la  affected  by 

floodn  is  aiBnificantly  decreased  for  percencagca  Lees  chan  IB  pecccnc 


td  Becention  Tie>e 


The  previous  discussion  of  vegecaclon  and  land  use  as  they 
relace  Co  soli  storage,  surface  detention,  evapoccanspirallon, 

runoff  froa  various  soil-cover  conpleaea  provides  a first  eaciiaace 

soil  storage  capscity  produce  relatively  loiter  runoff  voluoes  than 
those  with  low  soil  storages.  Reaoica  indicate  that  natural  foieaced 


18.  ActenMcloo  of  Hsao  Annual  Flood  by  Lake*  and 
(Earnes  and  Golden,  1966,  !>.  12), 


slocasc  Hurfsce  detention  capacity.  Uuwever,  hinh  Inteiwlty 
drainage  prnccicea,  uliile  increasing  tlic  dralnoge  denaicy  of  an 
area,  alnuilaneousXy  dccrcaae  the  effective  aoll  etorage  capacity, 
and  higli  runoff  rates  can  be  oapucted. 


with  drainage  density, 
equally  well  into  the  storage 
Characterietle 


surface  detention,  along 

fraeieworh  presented  earlier, 
land  use  can  be  calculated 


1 atoragea  and  outflow  ri 
d drainage  density.  In  . 


>y  surface 

Idltion,  hydrologic  simletioa 
in  incorporete  lead  use  and 
drainage  paraisccera  to  provide  realiatlc  hydrologic  output  under 
alternative  isanageisent  tegiues.  Component  and  basin  retention 


Katerehed  Sipulatlon  Hodeia 

Due  to  the  heterogeneous  snd  dynanic  nature  of  rainfall  input, 

estlisating  runoff  aa  a fined  percentage  of  rainfall  has  been  tradl- 
eignificant  effects  on  the  hydrologic  budget,  sinulaclon  techniques 


between  flow  end  depth  (see  equation 
n on  (low  In  grnaaed  wateruoye  has  h< 
Manning  equation  is  used  to  obtain  a\ 

If  a linear  relecionehip  is  aest 
acoeage),  then  equoclon  2. IS  can  be  1 


:weea  flow  and  depth  (or 
slopllClcd  to  the  Ilus- 


X ' Atorega  pareiaeter 

The  Aolutlon  procedure  for  this  equation  is  described  in  detail  in 
CtiaptoT  V,  where  It  forms  the  basis  for  flood  routing  in  rivers. 

and  outflows.  In  Che  elmplifications  leading  to  equatlone  2.L2  or 
2. IS,  varlacioos  of  flow  and  storage  with  time  are  retainsd,  but 
spatial  variations  are  ellalnated.  Tbs  latter  effects  are  incorporated 

direction  for  different  spatial  elements  at  each  tiao  atop. 


Tlie  above  liiscuasion  ahows  hov  the  governieg  eriuatlons  of 
irotloTi  and  continolty  can  be  elnipjirioil  to  e convenient  forn  for 

for  the  overall  hydrologic  budget  of  a region.  When  combined  witl 


Seview  of  Available  Modole 

ere  signlilcenc  in  characterizing  Che  quantity  ond  quality  of  eurfece 


cuBsed  above.  Frequently,  Che  models  ere  scruccursd  Co  simulate  or 
predict  e streamflov  value,  hourly  or  dally,  from  given  rainfalls 
within  the  drainage  basin.  The  model  is  then  calibrated  by  comparing 

adjusted  to  fit  the  known  period  of  data,  additional  periods  can  be 

patterns.  In  chla  way  the  effect  of  proposed  alceraclona  can  be 
evaluated  in  a reasonable  fashion. 

Soil  storage  dynajoica  are  an  integral  pare  of  Che  hydrologic 


Hortan  (1933),  Philip  (1957),  and  Hi 


Horton's  origlnol 


il  infiltration  rati 
lal  InflLtrarloD  n 


needs,  enphasieing  parLlculat  aspects  of  the  hydrologio  cycle  io 
deslgoed  for  slnulatlng  particular  ecents  in  clae,  while  others 


plratlon  dynamics  for  deteteinlng  areas  of  rt 

and  predict  losg-tarni  seasonal  responses  as  ] 
available  models  such  as  the  Stanford 
end  Llnsley,  1966)  utillae  concepts  of 


scarage  and  evapccrans- 


use  patterns  change. 
Model  (Crawford 


land  flow.  However,  clie  rcooliemenc  of  on  ewteoelve  arrey  of  Input 
data  and  paraifiecrlc  relatlonshlpa  placea  Hnits  on  Ita  applicability 


Variable  aource  area  aodcla  have  been  proposed  by  Berson  (19bd), 
Teoneaaee  Valley  Aucborlcy  (1965),  Duane  end  Black  (1970).  and  lee 
acd  Dellcur  (1971).  These  eodels  rely  on  Che  concepcs  of  Infllcraclon 
and  soil  storage,  but  they  replace  Che  classic  overland  flow  regime  of 

topography,  end  soils. 

Thus,  tea  applicability  to  the  Klsslnssee  Biver  Basin  is  doubeful, 

Laboratory  Model  ea  discussed  by  Glyoipli,  Holcan  and  England  (1971). 

e ei^ressed  as  an  eahauacion  function 


the  Impeding  strata  (8-horlzon). 


ic  equation  derived  from  si 


watersheds,  and  infiltrometer 


(2.20) 


- infUtrALion  capacity 


f • intake  rate  after  pralonged  wetting 
a - caeffitient  af  pare-apace  contlniiicy 

eaeiture  atorage  capacity  of  a aoll,  S,  and  foe  partitioning  avail- 
able voiaCure  into  porea  drained  by  gravity,  0,  and  porea  drained  by 
planta,  AUC.  The  land  uae  paraaiecer,  a,  le  a function  of  plant  nacur- 

Coshoccon,  Ohio,  are  ahown  In  Figure  2.19.  It  can  be  seen  that  pre- 
dicted runoff  la  lo  reaaonable  agreemenc  with  oteaaured  valuea  for 


The  USDA  oodel  coeea  cloeeac  to  aeatlng  the  stated  require- 

for  lea  ability  to  slnulate  long-tera  seasonal  effects  with  Its  in* 
filtration  equation.  A model  haa  been  developed  for  this  study  uli: 


produce  Che  ovoroll  bosin 


PtlHCIPLHS  i: 


the  gradual  enrichnenc  of  a body  of  water  with  uutrlenra  esaenelal 
for  the  growth  of  algae  and  rooted  aquatic  vegetation.  It  le  a 
natural  procesa,  but  evidence  Indicates  chat  it  can  be  accelerated 

plants,  which  can  result  in  a series  of  undesirable  changes  in  the 

pathways  and  rate  of  nutrient  cransporc  frora  the  landscape. 

Mounting  concern  for  maintaining  water  quality  in  lakes  and 

approach  for  receiving  warera  la  to  control  the  in' 
although  there  la  considerable  disagreement  regarding  the  eelection 

control,  and  the  benefit  which  ia  to  be  gained.  Even  chough  nutrini 
input  reduction  say  not  alone  be  sufficient  to  attain  the  desired 


efiaonCial  c'mponcQt  uf  crfarls.  I!cgardl0£a  oE 


incemal  nutrient  cycles  involving  lake  a 


influx  of  nutrients  and  Beosored  tiaronetera  of  uetet  quality. 
Houever,  sufficient  InfornntLon  now  exists  to  provide  some  useful 
guidelines.  The  next  section  diecunses  in  more  detail  the  quanci- 


d nitrogen  <N) 


Sawyer  (lSd7)  suggested  that  If,  at  the  time  . 

Sawyer  applied  to  the  conditions  of  lakes  in  central  Europe. 

Although  thesa  concentrations  do  provide  useful  target 

and  in-lake  nutrient  concentrations.  Tentative  guldellnee  on  speci- 
fic loading  rates  are  provided  by  Vollenweider  [1968)  for  30  lakes. 
The  surface  ares  of  each  lake  Is  conalderad  by  expressing  notrlent 
influx  as  a specific  loading  rate  (g/m^/yr).  Shannon  and  Brezonik 

riorlde  lakes  and  these  values  are  conporcd  to  Vollenweider’s  results 


Ideally,  nutrient  luadlng  Lnfurantlon  wuuXd  ba  Dbralnnd  by 

are  prohibitive  In  many  cases,  and  It  is  necessary  to  use  vaiuea 
reported  in  the  literature  as  a guide  for  management  decisions. 

varloui  lend  use  types  (Utconsork  et  al..  1974;  Loehr,  1974}, 

These  loadings  do  not  consider  Incernal  nutrient  cycles  or  chemical 

The  characteristics  and  relative  magnitude  of  non-polnc 

non-point  sources  Is  susozarized  and  the  feaalblllty  of  controlling 

Incenolty  and  yield  factors  as  well  as  on  the  seasonal  distrlbuclons 
overland  flow,  and  atreamflow  la  easentlsl  fc 
cencration  unlca  la  difficult  due  to  the  flow-dependent. 


crecion  Cmg/I)  9ii^  potentlfil  Jrea  ylclJ  rate  (kg/ha/yr). 

Reported  ranges  In  concentration  and  yield  for  total 
total  V are  presented  in  Figuree  3.1  and  3.2  for  varioue  o 
aouccea  (Loehr.  1974).  The  wide  range  in  cropland  P la  d 


the  effect  of  soil  erosion.  Precipitation,  forest  land  runoff, 
and  surface  irrigation  return  flow  have  comparable  valuee.  Sub- 
surface irrigation  return  flow  has  higher  N concentrations  due  to 


The  yields  of  total  P from  forest  land  and  cropland  span  a wide 
yields  of  R and  P in  animal  feedloc  runoff  ace  again  oedere  of 


on  controls  will  depend  on  the  relative  Iciportsnce  of  respective 
Boutces  In  epeciflc  locations. 


CONCENTRATION  (mg/l) 
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CoEDparisoD  of  Non-Poinc  Souroa  LODcestraElono  of 
Total  Nierosoo  aod  Total  PhoKphorua  CLoehr,  1976, 


zE±D 


AREAL  LOADING  RATE  ( kg/2.47  ac/yr) 


s disc«i£dion  by  dividing  Lhe  vnrloufi 
ftourcvo  Include  preclpltaclon,  fornac  laud  runaff,  and  ratigeland 

praccicag  or  available  daca  change  draatically. 

Non-polftc  sauccee  that  aey  require  coctrol  leclude  cropland 

irrlgaclon  rerum  flowa.  Contrcla  ihould  depend  on  the  extent 

receiving  water.  The  basic  control  In  this  case  la  Co  avoid  spread- 

Keiv-polnc  eources  char  preaeoc  the  aoat  probleae  Include 
urban  land  runoff,  manure  seepage,  and  Ceedlot  runoff.  CollecclDO 

Ingly  feasible.  Control  of  manure  seepage  and  feedloc  runaff  la 

of  reported  loading  rates  for  agricultural  lauds,  urban  areas, 
forests,  wetlands,  groundwater,  septic  tsnks,  and  preciplcation. 
Arsiscrong  ec  al.  (1974)  eaclmated  that  on  the  basis  of  surface 
runoff  atudlea,  egrlcoltural  lends  could  be  further  subdivided  by 
flux  coefficients  as  shown  In  Table  3.2.  In  conparlson,  the  studies 
d by  Uttormarfc  et  al,  (1974)  seem  to  Indicate  lower  average 


Agricultural 


Nutrlanc  Bunolf  CoefficleDts. 


kfl-N/lia/yr 


Paatura  6 neadow 
Idle  (fallaw)  land 


(Frog  Araitftrong  at  al..  197i, 


Tobli!  3.3.  Topical  Valuea  of  Nutrient  Runoff  Coefficients. 


HlRh  Low  Ave 


kg/ba/yc 
Hirii  Low  M 


^nC  transport  f: 


Nutrient  ilynanicn  uf  ntiishes  fU 

Bhnds,  The  role  of  wctlnnds  en  nutrient  enurocu  or  nlitl 
been  eBtabUnhed  eacisCactorlly.  Low  flow  velocities  at 

soluble  ioorsenic  P,  particularly  where  high  runoff  pulses  occor 


Bentley  CL969)  presence  results  which  Indicate  chat  marabea 


runoff  coefficients  are  approxiiaately  aero  for  wetlands.  Futther 
dlscuselone  on  the  effect  of  Barahea  on  nutrient  uptake  ace  deferred 


thwe  co«pononls  and  sBaocinCod  Incerttlacinnuhlpa 
□BdswtMiiltig  Df  Che  ratifications  of  any  Muipalaclon 

he  boundaries  of  an  ecosysceoi  liave  been  defined,  Che 
;o  Che  surrounding  biosphere  is  viewed  as  a syaceo  of 


if  otgeolc  MterlslB.  These  flowa  ace  moved  through  the 
ecosystem  boundory  by  hydrologic,  geological,  or  blologicel  proccssea 
(Bormann  and  Likens,  196?).  Knowledge  of  input-output  reUtlooshlps 
Is  necessary  In  order  to  understand  fully  1)  energy  and  nutrient 
dynaoius,  2)  the  conparacivc  behavior  of  ecosysteoia,  1)  Che  effect 
of  geological  processes  such  ss  oroslon,  deposition,  masB  wasting, 


and  weathering 
variations 
practices  i 


dynamics,  4)  the  effect  of  hydrologic 
behavior,  and  5)  Che  effect  of  isanageisent 
and  function  of  individual  ecosysteoia 

1969). 

these  critical  input-output  relationships 
presents  difficulties  particularly  in  studies  of  nutrient  cycles, 
which  are  strongly  geared  to  Che  hydrologic  cycle.  Consequently, 
Ducrienc  Input  and  output  requires  sinulcaneous 
hydrologic  input  and  output  which  may  involve  sub- 
surface seepage,  overland  flow,  or  streamflow  components. 

Both  Che  hydrologic  and  nutriont  cycles  can  he  dcecrlbed  by 
specific  inflows,  outflows,  .sccragcs,  and  other  losses  which  decer- 

introducod  previously,  and  It  aerves  ; 


hydrnlagle 


dynamics. 


tion  clue  dcecmtiiws  the  average  lengLIi  of  time  vhirh  untor  re- 
lealas  in  scocugc.  uhece  ic  iR  noac  c.isily  available  for  physical. 


processes  which  are  difflculc  Co  quantify,  llauever,  chare  seems 
Co  be  a geeacer  potential  for  physical  or  chenical  uptahe.e.g., 

flow  veLocltlea  tend  to  aggravate  chose  conditions.  Biological 

potential  for  uptaho  during  warm  oouths  whoe  nore  sunlight  is 
vegetative  dansicy  In  osesh  regiona  provide  increased  uptake  uapec- 


es  a function  of  rocentlco  tiote  and  biological  growUi  provide  e 
useful  franework  for  analyzing  Che  complenlcies  of  hydrologic 

clal  for  nucrleoc  loading  from  various  land  uses  has  been  dis- 
cussed. The  porentlel  for  nucrienc  upcoko  fn  lakes  and  uarshos, 
whera  T la  long  enough  to  provide  soioe  creaLmant.  is  Introduced 
below  and  eacended  in  Chapter  V with 


Rcoavtcnae 


larested  watorsliedn  at  the  Hubbard  firuok  Experimental  Eoreat  in  New 
Hampahlre.  The  portion  of  tlte  foreac  chcaen  for  theae  studiee  con* 


conseruotfld  to  al. 
and  particulate  li 


la  saoplcd.  Precipitation  sagee  were  placed  to 

The  Initial  aerlee  of  studies  was  designed  to  measure  the  pro- 
eesaee  occurring  under  undisturbed  conditions.  Over  a five-peat  per- 
iod of  time,  annuel  precipitation  ranged  from  9C.9  cm  Co  141.6  cm, 
averaging  123  co,  while  calculated  evapocransplratloo  (ET)  varied  only 


degree  of  homeostasis  Sa  wstor  loss  by  ET  end  fluctuations  in  pre- 
streanfLow. 

Ihe  analysis  of  nutrient  balance  required  periodic  meeeurements 
of  concentrations  of  substances  In  precipitation  nnd  screamflou.  The 


etresm  dUcharse,  buC  rathcc  the  dissolved  cancenCratdonF  in  drainage 

clculate  loBden  were  of  oinor  Iraporcanca  in  overall  nutrient  ouc- 
voluee  of  acreaaflou  then  on  ionic  concencracion. 

slopee  (avecflgo  26  percent)  atcaac  te  the  great  arablllcy  of  Che 

play  a major  role  in  detfirmlnlng  chemical  fractiona  lose  either  in 
nolution  or  aa  particulate  matter. 

Follavlng  the  study  in  the  undlsturbod  condition,  one  of  the 
watersheda  was  clear-cut  in  an  asperioent  designed  to  evaluate  Che 
effects  on  atreaeflou  and  ouctiant  cycling.  In  Che  winter  of  196b- 
1966,  all  woody  vegetation  was  cut  and  left  in  place  In  watershed 

and  contributed  to  an  increase  in  outflow  of  dissolved  and  particulate 


mittoc.  The  EoLnl  export  of  dlSBolwed  inorgentc  subHCeecBe  wos  & to  d 

by  bacrerle  to  nitrate  wlilcli  ia  eubjeec  Co  incenae  leeching  fcon  the 

In  a ilnllar  study,  nutrient  concentrations  were  measured  In 

Ohio.  1966  through  1969  (Tavloc  et  el. . 1971).  Temporal  variations 

changes,  and  no  relationship  was  found  becaecn  concentration  and 
streamflnu.  Nutrient  loasea  from  farmland  were  significantly  greater 

respectively.  The  analysis  of  data  shows  that  total  nutcienC  losses 
caonac  be  calculated  meaningfully  unless  both  hydrologic  and  chemical 


Nutrient  Budeate  in  Lahe  SvateM 

Lake  syscema  have  provided  a rich  end  diverse  source  for  nutrient 
cycling  studies.  Lakes  are  inherencly  easier  to  study  than  larger 
watersheds  or  terrestrial  scosyetems  In  terms  of  obtaining  nutrient 
and  hydrologic  data  necessary  to  define  inputs  and  outpuce.  The  var- 
ious non-point  sources  for  nutrienc  loading  to  lakes  have  been  dis- 
cussed in  a previous  section.  Adenuate  dace  Co  predict  lake  response 

kesulcs  from  many  ougelng  reseatch  projects  on  lake  management  are  yet 
CO  be  flnallred. 


which  EijBord^i  (1970,  ; 


flushes  rscher  frequently  (every  3 years};  It  was  never  enriched  Cd 
Che  polnc  rhac  Che  hypoUemlon  became  anaerobic;  and  che  najor  portion 
of  Che  phosphorus  income  (60-75  percent}  through  created  sewage  was 

An  IncercBClng  conCrasc  to  Che  Lahe  tfsahingcon  case  is  presenced 
by  nearby  Lake  Sammamish  which  Is  one  fourth  che  area  of  Lake  Uashlng- 
Lon,  one  half  as  deep,  flushes  about  ae  frequently,  and  received  about 

no  appreciable  effect  during  Five  years 
>r  algal  hionass  (Welch  et  al-.  1973}. 

P Income  cbsngea  to  SammaDlsh  have  occurred  on  che  aeympCoCe  portion 
of  a response  curve  thee  yields  a much  smaller  change  In  algal  biomass 

dominant  concrnlllng  mechanism  of  P concenCcocions  la  hypochealeed 


hich  fits  russonsbly  wall  the  observed  leek  of  rosponse. 

presents  a synopsis  of  eveilabla  ceohnolosy  end  an  Inventory 

nto  two  general  eatagorles:  1)  methods  to  limit  fertility 

ikes,  and  2}  procedures  to  manage  the  con- 


sequences of  lake  aging.  The  fonur  treats  the  underlying  causes 
of  lake  problems,  while  the  latter  are  cosmetic  In  nature. 

Fertility  and  sedimentation  In  lakes  can  be  Limited  by  reducing 

through  wastewater  treatment,  nutrient  diversion,  land  use  practices, 
treatment  of  inflow,  and  other  source  aodlflcacions.  Xn-lake  schemes 
to  accelereto  nutrient  outflow  or  prevent  recycling  include  dredging, 
drawdown,  nutrient  ioenclvetioo/preclplcatlon,  dllutlon/f lushing, 
biotic  harvesting,  selective  discharge,  sediment  exposure  end  desica- 


tlon,  and  lake  bottom  aealing.  In  addition,  various  physical, 
without  treating  the  original  source  of  degradation.  These  include 
pathogeua,  and  many  others. 


There  are  many  difficulties  associated  with  remedial  efforts. 

Lakes  are  complicated  ecosystems  and  the  oblllty  to  predict  the  response 
of  lake  syateras  to  various  treatments  Is  as  yet  limited.  In  addition, 
each  lake  has  Its  own  unique  set  of  characteristics,  which  frestrates 
attempts  ta  transfer  results  from  one  lake  to  another  that  appears  to 


ochars  relating  to 
develop  sosv  guidelinfla  for  the  renet 
the  report  of  Donat  ei  al.  (1974). 

introduced  in  the  previous  t 
does  represent  a on 
aoDc  of  the  relationships  i 

processes  in  lehe  end  river  syseces. 
oodcls  is  reviewed  in  the  next  secti< 


of  these  rclacionnhipe  have 


:i»deli  of  Ualer  l>jalltv  and  Ecoioelcal  Frocesses 

sense  (Figure  3.3).  Cotsplex  aodels  have  been  developed  which  can  be 

tss.  In  Its  sinplest  form.  Che  mass  balance  e^ua^ 


t.l) 


‘w-li  [‘‘Si  •*:  »V  ■ - >,<■•■>  a->i 


bacvecn  eK>oenrij, 


pieced  in  Figure  3.6. 


Review  of  Avellalilc  ItodcU 

2]  Che  fioluciOD  technique  of  cheee  equations.  In  nei 

cechniquo  which  idusc  be  used.  Buc  various  aeeuiopclons  ace  often 
SDplo/ed  Co  elnpllfy  equocloo  3.2  and  the  solution  procedure,  such 
as  asauiBloi  Chat  sceady  ecate  conditions  apply,  that  dispersion  and 
advectlon  are  appronlmaCely  constant  In  space  and  tine,  or  that  the 

coiaplexlcy,  and  sieulace  a variety  of  different  pollutants.  For 
Che  study  area,  total  phosphorus  is  the  primary  nutrient  of  concero, 
be  focused  on  techniques  which  Incorporate  it 


assuae  first-order  decay  and  one-dlneoslonsl  steady  state  conditions 
In  slnpllfylng  equation  3.2  for  BOD  and  dissolved  oxygen  deficit 


available 


Unfortunately, 


of  growth  and  death  rate  cor.stanta  requires  extensive  nanHoring 
efforts  to  calibrate  the  model,  data  which  ate  unavailable  in  the 


Ilte  quality  and  ecological  relationships  depicted  In  Figure  3.3 

U972).  This  andel  is  more  complex  than  the  previously  diacossed 
Bteady  state  description  because  a system  of  mass  balance  equatlona 
la  nuaerlcally  Integrated  with  respect  to  tlnm.  to  this  way,  both 


One  advantage  of  this  model  is  that  hydrelogic  flows  from  re- 
quality  calculsclons.  Figure  3.4  depicts  the  stream  system  which  is 
characterised  by  length,  width,  cross  section,  slope,  and  other  bydrau- 

representa  tranaport  due  to  longitudioel  dispersion. 

The  model  considers  17  different  quality  parameters  along  with 
incerreletionehlps  among  them.  For  chie  reaeon,  an  extensive  amount 


Kissimmee 


slsiplet  Apprrach 


6ube;rsc«m  inclu<llng  phytoplfiokcon,  consunere.  detritus,  nltrogeTi, 


in  nutrient  nod  cannume 

logic  Bonification,  and 
KleBlmmea  Fiver  Baaln. 


is  often  lacking  or  diftlcult  to 
basin  vould  require  extensive  hydro- 
vas  not  considered  for  use  in  Che 


2 water  quality  and  ecologlual  inter- 

Stanford  Watershed  Model  CCrowford  and  Linsley,  1966)  with  dynaaic 
equations  relating  nutrient  loading  and  biotic  response.  The  eiodel 


Is  siiailer  in  eotse  respects  to  Che  Kich  Model,  except  chat  hydrologic 
inputs  ere  directly  incorporated. 

Crawford  end  Donigsn  (1973),  model  the  loss  of  pesticides  from 
Che  land  surface  by  sieiulaclng  surface  runoff,  sediment  loss,  and 
various  interactions  between  pesticides  end  Che  soil.  They  also  use 


loss  progran  and  eiapjricnl  relatlonsliips,  In  under  to  predict  pcnci- 
cldc  lone  Cron  agrleultnral  Innds.  nnforCunacel^,  Che  noclcLlng  efforc 
hao  yet  Co  Lachle  Che  problen  of  nuctlanc  loading  u]tlch  In  uf  prloary 


Kydcologlc  vodels  which  have  been  expanded  to  Include  ecological 
inceroocions  tend  Co  eephsniae  wacec  ^^uanclcy  releclonsblps,  while 
Che  ecological  nodela  cend  Co  enphaelee  biological  and  nucrienc 
kloeclce  ac  Che  expense  of  hydrologic  telaClonsblpB.  This  observa- 
tion is  due  primarily  Co  Che  fact  chac  models  are  developed  for 


Thle  is  Che  weakest  link  in  Lhasa  types  of  formulsclons,  becense  in 
many  cases  non-poinc  sources  cannot  he  very  well  queociflcd  as  Che 


Co  provide  the  necessary  relationships 


effect  celacionshlpe  between  nucrienc 


quality  taapunac  are  not  veil  defined  ultb  the  available  itwdelinE* 
taclinalo&y. 

Rather  than  attanpting  cc  predict  the  effect  eC  apeclfic  nutrient 
loads  on  the  aquatic  ecoayatem,  perhapn  it  would  be  bettor  at  this 


point,  to  detenBine  the  effect  of  land  use  practices  and  drainage 
patterns  on  resulting  nutrient  discharsea.  tn  thia  way,  one  obtains 
a clearer  definition  of  the  aourca  of  the  nutrients  and  possible 


Concepts  o 


The  approach  to  Veter  quality  in 
eaphaslac  non-point  eourcca  end  their  control  within  the  aysteo. 

Rather  then  use  a eophieticated  water  quality  model  uhere  only  crude 
data  exist  on  loading  and  uptake  ratee,  o simple  technique  has  been 

individual  treatment  units.  Stream,  lake,  or  marsh  areas  ars  all 
charsetariaed  by  specific  retention  times  which  determine  the  poten- 

storege.  uptake,  and  outputs.  If  one  assumes  that  inflows  and  outflows 
ia  a first-order  reaction,  then  a mesa  balance  of  material  through 


C ° conrentrijEjon  of  naCfirlal 


Q > voluwtrlc  inflow  and  ouEfLow  rate 
S - stotaga  uoLuffia  of  raaervolr 

Inflow  BEui  outflow  pollutanE  conoentrationB,  dapendent  on  the  decay 
conccanc  k and  cha  characEariatlc  cecencion  cIbw  T of  ehe  ceaervolc. 


CHAl'TCR  IV.  ESVlRO»i£NTAL  RESOURCES  IN  THE 
kissihi:ee  river  EASIN 


I*!  centre!  portion  o 


Orlando  and  passes  through  a aeries  of  shallow  lahca  in  the  upper 


lake  spacaa 


as  shown  lo  Figure  S.l.  The  area  has  been  partitioned  into  IE  sub- 
areas baaed  on  Che  Soil  ConaervaClon  Service  divisions.  Tlanning 


river  units.  Much  of  Che  iollowing  discussion 


KISSIMMEE 

RIVER 


and  Rainfall 


dafireaa  at  Orlando. 

, or  period  between  billing  fi 

lasln  varlee  aeaeonally  ai 
fairly  uniform  average  annual  rainfall  of 


Aainfall 

approrinately 


Phvalcal  Geotrachv  and  G« 
The  copogrepliy  of  tl 


lowoae  elevatlona  In  the  ba 


AVERAGE  MONTh 
&.2B.  Honchly 


TEMPERATURE 
11  and  Teiapcrature 


geoliiglc  forndCions 


Hawchorne  fornacion  la  relatively  Inpervloua 
fgrnta  a aaal  over  the  underlying  limestone, 


A shallow  aquifer  syscco  eaists  in  the  Pleistocene  depoeics 
in  the  basin  within  100  feet  of  the  surface.  Becharge  of  noeerteslan 

fluctuate  up  to  five  feet  in  elevation  between  wet  and  dry  seasons 


Shingle,  end  Boggy  are  chi 


lecenc  studies  indicate  that  Shingle 

loading  from  several  sewage  treatmenr  plants  (Orange  County,  1973). 

The  lakes  of  the  upper  baaln  provide  more  than  100  square  miles 
of  surface  water  area  as  shown  in  Table  A.l.  Numerous  smaller  lakes 
scattered  throughout  the  gissimaec  Valley  provide  sddltionnl  storage 
capacity.  Water  quality  pcohlems  are 


Table  4.1.  Surface  Area  of  the  LaCRer  Lakes  in  KiaaiaiiBee- 
CvargladcB  Area. 


Okeechobee 
Kiaslamee 
la Eokpega 
Tohopekaliga 
East  Tohopekallga 
Ueohyakapka 
Hatch Ineha 


Lch  over  ?00  square  mllaa  of  aurfaca  aiaa, 

(e  in  tlie  rcglnn.  It  la  regulaced  by  control 

15. f and  17.5  feet  CMSL] . The  scored  water  is  used  to  irrigate 
faraland,  supply  Che  Everglades  Kacional  Park  vich  aC  least  515,000 
acre-feet  per  year,  and  recharge  the  aquifers  of  Broward.  Dade  and 

of  water  in  Lake  Okeechobee  Js  thus  an  extremely  ImpurtanL  issue 
for  all  of  South  Florida. 


eucrcphic  condition  (Joyner, 
Lake  Okeechobee,  with  o 
is  by  far  Che  largest  lake  In 


VACl^D  Service  fee  Orange  and  Okeechobee  CounCles  <SC5,  1900,  1971), 

fiurveye  provide  a baala  for  eeclBating  Che  locecion  and  extenc 
of  Che  oioet  significant  soil  types  within  each  lake  or  river  planning 

classlficacions  for  various  kinds  of  interpretations  CSCS,  1901). 

This  claasiflcation  Is  based  on  Che  soil's  capability  Co  produce 
crops  and  pasture  plants  vlchouc  loog-rem  decerioratlon.  Sub- 
classes are  groups  of  capability  units  vicblo  classes  ebar  have  the 
SBPe  kinds  of  llBirations  for  agricultural  use  such  as  erosloo  (e), 
wstnsaa  and  poor  drslnsga  (u^  and  root-aona  problems  (e).  Tlio  spproxl- 


Hatural  vagecatlon  In  Lbs  basin  is  directly  relscod  to  clinste 
and  soils.  The  vegatsclon  map  io  Figure  0.3  shows  die  diacributjon 
of  various  cypes  throughout  the  basin.  The  central  ridge  is  doeiuoted 
by  forests  of  longleaf  pine,  olnus  oalustrls.  and  turkey  nak,  Quorcus 


KISSIMMEE 


Vable  4.2.  Lapd  by  Capability  Class  in  the  Kissliainee  RIvot  Basin. 


{loco  Acres] 


KISSIMF.1EE 

RIVES 


of  Orange  nt 
coiraunicy. 
longleaf,  b! 


as  Cona  the  under&cory,  ; 


' the  pins  Hatwond 
'ee  Bpecien  of  pine: 


of  the  large  upper  basin  lakes  and  adjacent  drainage  areas  along 


fish  and  Wildlife  Reaourcea 

The  lakes  furnish  soioe  of  the  finest  fishing  in  Florida,  especially 

Kissimnee  and  the  KisaiBiaee  River  are  rathec  distantly  removed  from 
population  areaa  and  ceoelve  less  fishing  pressure  than  Che  upper 


winter  the  bulk  of  the  waterfowl'  in  the  basin.  Peak  populations 
naoc  species.  A comparison  of  the  waterfowl  population  with  the 


Mgtiltudi:  of  fluctuation  of  lake  level  from  Aujjuet  Co  January  i 
caces  a algnlflcant  correlatfon  hecauee  ehorvlinc  vegctacloii  au. 
be  Inundated  before  it  la  available  to  oatcrfowl  {GFC,  19b7). 

Uacer  and  Laod  Kevource  Proble— 


Agricultural  Land 

Most  of  Che  eolle  of  Che  Kieelance  River  Baslu  have  encesa 
water  haaecds  for  agclculturel  or  urban  use.  Soac  relatively  wet 
soils  ore  suitable  for  unlnpruved  pasture  or  foreat  production,  but 
require  dralnege  for  production  of  more  Intonslve  crops  such  as  pas- 
ture, vegeceblea,  or  citrus.  Hose  of  the  soils  tdilch  are  drained  of 
excese  wscer  are  used  foe  Improved  pasture  In  the  basin. 

duration,  rioodine  caunes  darasBe  to  crops  and  improved  panCure  by 
affecting  yields  and  creating  delays  In  harvesting.  Agricultural 
lands  chat  Buffer  from  flooding  in  the  wet  season  of  June  to  October 
are  also  affected  by  droughCB  during  periods  of  low  rainfall.  Aveil- 

and  muck  which  ere  drained  for  agricolture  are  subject  t^ 

soil  to  oxidise  in  an  aerobic  environment,  and  at  pre 
ratae,  Che  organic  soils  south  of  Lake  Okeechobee  are  expected  to  be 


« njjor  since  of  lUs  naclon*s  fresh  vegetables  during  the  wlncsr 


h coRCcibuce  Co  egrieul- 
flat,  pooclv  drelned 

runoff  water  appears  Co  be  one  possible  solution  for  the  water  pi 
bless  Inherently  associaCed  with  rapid  u 


Natural  li 


10  Che  basin  Includes  Forests,  satshes.  swasps,and 
e generally  uninfluenced  by  sen's  secivities.  The 

11  of  these  areas  Is  the  quesrlon  of  pressrvatlon 

3 have  been  drained  for  isproved  pasture  end  forests 


bolnft  BCudibd  incenaively  to  determine 


CoCDpecitlon  for  ovailabLo  natural  land  anonc  urban,  agrl- 

leu  in  the  Kianimeoe  River  baaln.  The  ultimate  balaaco  which  la 
achieved  among  tbeaa  three  Interesta  will  determine  to  a large 
extent  future  levela  of  water  availability,  water  quality,  flood 
dasiagca,  economic  productivity,  and  a host  of  other  related  pararoetere. 


Water  Availability 

Large  quantities  of  surface  and  subeurface  water  are  located 
in  the  basin,  but  rapidly  increasing  demande  by  agricultural,  muni* 
clpal,  recreational,  end  induatriai  usee  nay  create  shortages  is 


I of  Lalte  Okeechobee  the  cl 
le  deep  Floridan  aquifer  a 


. The  Floriden  aquifer  1: 
d agriculcurel  usee  in  thi 


r uaed  by  agriculture.  Laki 


contlirae  tg  gxpgnd  alcme  coaBL,  thg  problem  of 


nllnrat Ion 


Okeechobee  iiKist  of  the  supply  was  fien  surface  acorage.  According 
to  Soli  Coitaervacion  Service  projectlofle,  Irrlgatloo  water  requirements 
ere  ekpeeCed  Co  increase  along  with  egrlculcural  expansion,  especially 
In  the  KlBsinmee  Basin  (SCS,  1973).  Table  4.3  presents  the  projected 


Irrlgetion  requirements  for  Clsdes,  tllghlands,  Okeechobee,  Osceola 
shown  In  Table  4.3.  Other  counties  south  of  Lake  Okeechobee  will 


undergo  decreases  In  irrigation  use  as  the  organic  soils  are  depleted. 

of  agricultural  activity  to  mineral  soils  of  lower  productivity 

By  assuming  that  agricultural  productivity  '/ill  meet  projected 
levels  for  the  whole  Klsslmee-Okeechobse  area,  the  Klsslnnce  River 


IlsIslll^llssSSsi 


IrrlE*iti[>n,  Jraln2gc,  flood  control,  and  produoLiuo 
noeda  will  romootn  with  tliQ  needs  of  oclior  oaers.  Wunioipnl,  re- 

avallabls  water  resources.  An  equitable  artangevent  among  competing 

maxiiDlsacioQ  of  econcnic  productivity,  Ocher  consideraClons,  such 

and  vater  quality,  should  be  included  in  Che  overall  evaluation  (see 


Flctfid  Control  Plan 

In  October  of  1956  Che  Corps  of  Englocere  (COE)  released  a 
general  design  meeioranduii)  (CtH,  1956)  on  clic  Klssinmee  Kivec  Sosln, 

basin.  Due  to  prolonged  soasonal  rainfalls,  inadequate  secondary 

watershed  were  periodically  flooded.  Tropical  hurricanes,  which 
usually  occur  during  the  relny  sesson,  elao  served  to  Intenalfy  the 
problems.  Extensive  and  costly  flooding  occurred  nuueroits  times 

1951,  and  1953,  and  the  expanding  agricultural  economy  In  central 
Florida  Indicoted  that  the  flood  deornges  would  only  increase  in  the 


An  overall  plan  proposed  for  flood  control  and  vater  conaer- 
vacion  in  central  and  southern  Florida  was  to  be  maintained  by  the 
Central  sod  South  Plorldo  Flood  Control  Dlalrlct  (FCD) , This  area 
eompTlaoa  about  15,000  square  miles  and  extends  from  Orlando  to  the 


2.  Provide  mffScleot  regulaclon  capacity  for  the 
from  oceurreace  of  the  standerd  project  atom 


Provide  for  navigation  of  Che  Kiiaiimee  R; 


7.  Kalotain  levela  in  Che  lakaa  of  the  upper 
KieslBnee  River  Saain  in  conaidcrailon  of 
recreaclonal  and  fiah  and  wildlife  intereate. 


of  II  coiKjLn.  Ifi  wator-contrul  oCeik,- 
fCB.  Secondary  dralne;;e  sCriicLiirea  vere 
Eacavuced  laaterlal  would  form  npoU 

The  Florida  Came  and  Freeh  Water  Flah  Comission  (GFCl  agreed 

navigacioD  requiremeota  of  the  entire  area  under  conalderaclon.  The 

For  fish  and  wildlife.  Ic  therefore  releeaed  a recotseended  progreia 
n which  would  provide  for  fiah  and  wlld- 


deceraine  the  effecca  of  lake  fluctuation  and  flood  duration  on  the 
waterfowl  In  the  area.  The  duration  ia  a prloary  factor  in  deterBlnlng 


if  the  seasonal  lake  fluctuations  did  not  occur.  Ihus  vsrlablo 

felt  that  Che  TsaenlCude  of  fluctuation  was  adequate  Co  oaintaiTl 
waterfowl  values,  they  believed  Chet  Cha  ra^acion  schedule  was 
not  ideal  for  isany  of  the  vegetation  species  upon  which  waterfowl 


espressed  s sieillar  ioterest  io  lake  fluctuation 

tsced  a need  for  flexibility 
I along  the  canal  or  even  self-service 
They  TecoasDended  that  Che  nacurel  channel 
liver  be  left  open  rather  than  sealed 

.r  associated  ciebeclc  levees  should  serve 
ir  the  purpose  of  creating  public  lakes  and 


The  flood  control  plan  propoaad  by  cl 
le  GFC,  wee  adopted  and  iopleBienCud  In 


floodplain 


channelised  floodway  goveroed  by  six 


ige  into  <>rprovcd  ^actuie  throu^i  dralnsgo  occlvltlos. 
>re  dccaiioii  dlncuceiuo  of  flood  control  and  drolnasa  i‘ 


Historical  L 


eepacially  around  cbe  Orlando  area.  Agricultural  incareate  were  in- 
volved in  citrus  oo  the  ea&tern  ridge,  aoise  improved  pasture  around 
Che  upper  lahes,  and  large  areas  of  unimproved  pasture.  By  far  Che 

lerge  lekes  and  adjacent  to  the  Xissinenee  floodplain.  Figure  4,6 
shewa  the  general  land  use  pattern  which  existed  In  19SS,  based  on  thi 
analysis  of  aerial  photographs  of  r 

drainage  practices.  Urban  expaneion  is  also  evident  prlnorily  south 
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T plfliinJng  ui 


ir  oblalnloR  land  uae  areas  wicliia  each  lake  or 

land  use  areas  to  pruvlde  a cooplsts  deacrlplion  of  land  coverase 
Cor  hydrologic,  uacer  quality,  sod  eeocomic  purposes. 

upper  and  lower  Klsslomee  River  Basin  are  shown  in  Flguresd.BA.  B. 

following  categories:  urbao,  cropland,  iogiravsd  pastnre,  uninproved 

pasture,  citrus,  forest,  and  marsh  or  swamp.  An  additional  category 

and  1972  patterns  are  baaed  on  the  aerial  photographs,  while  Che  2020 

tural  activities  in  the  basin.  Sucb  conditions  may  be  constrained 
by  runoff  or  water  quality  controls  to  pcotenc  overall  bssfn  Integrity. 
Land  uses  tend  to  compete  for  various  soil  types  baaed  on 

well-drained  sandy  soils  which  have  no  exceselve  flood  hacard,  while 
agricultural  Interests  favor  a wetter  soil  which  contains  clay  and 

stand  some  flooding  in  contrast  Co  urbao  activities.  When  flood 
hazards  aie  as  exteosive  as  in  the  Kissimmee  River  Basin,  drainage 


lubiCBC  fox  fish  snd  wildlife. 

Jeopardize  che  region's  abllicy  to  cope  with  flood  voters.  In  t 
Che  observeclao  of  degrading  water  quallcy.  as  reported  In  the  i 
section,  presentse  possibly  serious  probleo  for  Lake  (Jbeechobee. 


d 61  decreased 


ter  Quilltv  Honltoring  li 


Klsslmee  Boslo  have  been  toIlecCed 
In  the  river  for  the  past  aeversl  years,  and  in  tributary  loflova 
for  the  period  Sepcceibec  1973  to  October  1974.  The  original  itcmitor- 
Sng  progras  on  the  river  was  begun  by  the  D,  S.  Geologleal  Survey,  and 
has  beoo  continued  and  expanded  by  the  flood  Control  Dlatrlct  tfCD), 

While  a large  nueber  of  water  quality  poraretors  have  been  analy- 
eed  under  the  aonltorlog  syatee,  the  levels  of  nitrogen  snd  pboephorus 

phiceclon  process.  An  analysis  of  svsllsble  uacce  quality  data  from 

most  responsive  parsneters,  while  no  significant  verietion  is  observed 
for  nitrogen  levels.  This  can  be  explained  by  the  assuoptloo  that 
phoapborus  tends  to  be  adsorbed  by  soil  particles  and  ia  available 

fonaa  of  nitrogen  are  soluble  and  con  be  leached  froo  the  aall  or  re- 
turned to  the  attxjspliare,  thus  precluding  any  relationship  with  surface 


pactdrn  (Flguce  4.10).  Wet  Mason  average  concentrations  are  quite 
high  in  Lake  Tohopskallga,  bur  decline  rapidly  before  reaching  Lake 
Cypress.  Concentrations  ace  further  reduced  to  Lake  gisEleaeee  at 
which  point  the  levels  indlcste  fairly  good  water  qualiry.  Peon  the 

increase  rapidly  betuesn  chat  point  and  56S-E. 

The  high  levels  of  total  P In  Lake  Tohopekallga  ore  prlnarily 
due  Co  nutrient  loading  front  treated  sewage,  and  a conplece  analysia 

a high  degree  before  it  leaves  Lake  Tohopekallga. 

The  water  entering  the  Kiseinenee  R. 
good  quality,  but  rapidly  Increasing  ct 

can  be  answered  by  considering  nutrient  levels  of 

ry  significant  variation  of  total  N from  one  location  to  the 

■ela  throughout  the  year  (Figure  d.ll),  while  Oak  Creek, 


(1/9W)  NOIiVMlN30NOO  3J.VHdS0Hd  IViOJ. 


Clw.ndU*r  SLough, 
liigher  LMdlng 


(figuro  A. 12).  Blanket  Say  In  pool  A 
Inflowfl  froiB  Lake  KiealjiBee  and  Ico  Greaia 


1C  appears  char  the  high  phgsphrcus  levels  in  Che  river  are 

secclnns  explore  Che  effecce  of  land  use  and  drainage  pracElcea  ii 
each  of  chase  CrlboCary  areas  as  Eliey  rclace  co  Che  nteasurcd  niicr 


CHAPTER  V.  I.TNKACE  KECHANISKS  IN  HYDROLCCIC- 
UNP  USE  ANA1.T5IS 


Cbaracterlscics  oT  the  hydrologic  and  nuCrieoc  cycler  can  be 

by  o sec  oE  specific  InClowe,  oocflovs,  ecoregee,  end  losses  which  con- 
vides  a useful  ceasure  of  reservoir  storage  end  outflow,  and  can  be 
e.g.,  soil,  narsh,  paature.  lahe,  planning  unit,  or  river. 

greater  the  poCenLial  for  nutrient  uptake  and/or  deposition  of  sedi- 
oieeca.  Thus,  water  quality  control  through  the  system  can  be  cherac- 
terlaed  by  the  length  of  time  available  for  physical,  blologicel  and 


evalueted. 


from  predicted  DueflowB  for  Ml 


Typlcil  acdgfi-vo 
(FiBUte  5.2)  can 


a pArtdcular  sFopa 


with  largu  chanBee  la  volume  and  oucflow  rati 

The  above  coocepes  can  be  placed  into  a more  useful  context 
will  be  ahowo  la  Che  section  on  scoraBe  concepts  that  both  surface 
reservoir  surplus.  This  relation  Cakes  the  general  form  of  the  con- 


VOLUME  (AC -FT) 


dlstrlbucion  jp  J/k,  wl 


OAd  soil  rftservoiis  in  cerras  of  characteristic  retention  tlees.  Aver- 
age values  of  T can  be  calculated  for  varioua  coeipcinaacs  in  Che  river 

surface  and  base  flowrulacions  are  anslyeed  and  a range  of  T values 
calculated  for  the  Kissiooee  River  Rasln.  Beesuee  shorter  T values 
tend  to  be  associated  with  higher  outflows  and  louer  storage  capacity. 


;he  above  concepca  for  runoff  control,  weter  quallry 
placed  into  a siaiiar  contenr  by  considering  retentiuo 

'eatnent  efficiency  depends  on  storage  capacity,  uprahe  capecity. 
Low  races.  The  cooUnuity  relation  presented  in  equation  5.1  for 


(5.3) 


KqiuClan  3.3  1b  i 


6 rBlfltloJishlp. 


(5.5) 


C ■ initial  concentration  of  pollutant 

A plot  of  aquatloD  5.5  is  shown  in  Figure  5.4  foe  thcco  difforenc 
values  of  k.  The  expression  describes  a first-order  decay  relatioonhlp 
for  canecorration  C.  slsdlar  in  form  to  equation  5.2  for  storage  5. 

The  above  analysis  provides  a technique  for  characrerlrlog  water 
quality  uptake  rates  ns  a function  of  retention  tlBO  which  replaces  t. 


Flsuri*  S.3.  Scheutic  Waccr  Qudllc/  TrejUMBt  Systen. 


flgura  S.4.  Typical  Flrst-Ordor  Decay  of  PoUgtjmt  rpineartracloa. 


C/C  . CalculaLiane  of  d/C 


n variety  of  hydrologic  ccmponencs 


different  seasons  Cor  Che  seas  unit. 

Ills  concapCB  of  ecorage  end  water  quality  control  have  led  to 
s unified  nethodology  for  considering  various  components  In  Che  river 

remainder  of  this  chapter  is  divided  Into  s dlscuselon  of  storage 
cooeepts  for  hydrologic  and  water  nuellcy  source  loadings,  l.n.  runoff 

cioos  to  receiving  water,  flood  routing  through  rivers,  sod  routing 
through  lakes  end  marshes,  goch  water  quantity  and  quality  relacloo- 


Storace  Concepts 

Hvdroloaic  Analvsla 

PiscusBlooe  in  Chapter  11  indicated  Oie  types  of  watershed  models 
which  ere  available  and  have  been  applied  in  various  drainage  basins. 
Kone  of  these  models  addresses  Che  problems  associeced  wiDi  weterslieds 


&eaGcmal  rainfall  ;md  flundl  ng.  Thcsu  are  cerr.pd  deprcaaional  tfacoraticd*. 
and  arc  aoat  cosaonly  found  alonn  tlio  CoaslaL  Plain  nf  cho  Souchcaatcrn 
llnlled  SCacea.  Soulh  Florida  watcraliudB  including  Lliu  KlBHinawe- 
Evcrgladoa  ragion  fall  into  chia  category  as  discussed  In  Chapccr  IV. 

The  modeling  of  depreasionel  votaraheds  cequirea  a airong  emphasis 

surface  Is  available  for  runoff  ac  npeclfled  racae  dependenc  on  the 
In  those  areas.  Che  model  muse  be  capable  of  sinulacing  long-term 
Btaincalned  largely  by  slou  neepage  of  base  flow  from  anil  storage. 

soli  moiscure  and  Che  water  cable  as  a funccloo  of  rainfall.  T.aCeral 

difficult  Co  maasuco  due  to  poorly  defined  drainage  paths. 

In  order  Co  provide  a realistic  eimulacion  for  Chase  depressional 
vetershads.  e hydrologic  model  has  been  developed  based  on  Che  daily 
uacer  balaocc  ceciinique  of  ThomchveiCe  (194S).  The  procedure,  dlscusaed 
Is  decsil  in  the  next  section,  plsoss  primary  emphesla  on  soil  storage 

offects.  This  approach  Is  ideally  suited  for  nodeliog  any  depressional 


The  regional  hydrologic  analysis  Is  based  on  a water  balance  which 
monitors  inputs,  outputs,  and  chenges  in  storage  for  surfaro  and 


subKutFflCi!  cotsponcattf  of  oad^  soil-land  use  oomplcx  in  t!ie  b>sin,  Tha 

<19Ad)  in  an  effort  to  characterise  the  BolaCure  condition  of  an  area 

laalsture  surplua  (5)  and  moisture  deficit  (D) , which  in  euro  provides 
data  on  irrlgarlco  ce^^ulremenca » surface  runoff,  groundwater  recharge, 


Thomthweite  recogoiaed  tl 


millimeters  Co  ovei 
from  the  vegecaced 


le  ealetlng  si 


concent.  These  revieiocs  make  ic  possible  Ci 
ulch  different  water  holding  capacities  ae  well  os  different  rooc- 
eone  depths  of  vegetation.  The  revised  version  was  poblished  nlong 
with  deceiled  instroccions  on  liow  to  evsluaCe  each  component  In  Che 
wecer  balsnce  (Tlinrnchwaite  and  Mather,  1935). 

are  shown  in  Figure  5.5.  The  budget  can  be  run  on  a monthly,  weekly, 
precipitation  <P)  and  calcuLoced  pntential  nvapotranspiracicn  (PE),  whieV 


FlCute  5.).  Schematic 


be  dcternlnej  for  o region  by  nrty  one  of  Lhe  available  tecbnlques 
(Tanqec,  l9Cj?>,  proaiJe  rhe  initial  vnluK  of  nxeesa  pccripi  tat  ion 
(P-PE).  IE  tbia  value  ia  positive,  then  sell  nalsture  sterage  (ST) 
la  Irtcrcascii  up  to  the  saxiDun  level  (511)  , and  actual  evapntransplra- 
tlon  CAE)  equals  PE.  A water  surplus  <S)  is  generated  above  the  ground 
surface  If  (P-PE)  exceeds  (Sli-ST)  for  e given  Cliee  incceaienC.  For 


S • (P-PE)  - (SH-ST) 


plants  are  less  able  to  cceiove  water  via  evapottnnsplracion  due  to 


DWt  = depletion  coefficient 
AWL  a accuouleted  water  loss 


(P-PE>.  Instead, 


ire  reraioed  (ST)  isbZtna. 


|&ST|  • aualUble 


The  dilfcTCDcG  between  PE  end  AE  Is  termed  the  wnter  deficit  (D> . 

Planning  Unit  (PU)  lA  In  the  KIssfoi^G  RIvec  Eenln.  P varies  thraagh 

during  June  and  July.  PE  la  at  a nlniraum  of  41  mm  in  December  and 
January,  and  water  need  Increases  rapidly  in  spring,  reaching  a peak 
of  168  am  In  July.  Excess  precipitation  (P-PE)  Indicates  that  a water 

The  total  water  surplus  during  the  year  la  224  nm,  which  is  available 

of  the  KlssisBaee  River  Basin  has  mote  chan  adequate  water  surplus  for 
plant  growth  based  on  the  1968  lend  use  patterns. 

The  sbovs  figures  refer  to  overage  rather  than  inatsneaneous  con~ 
dltions  and  cannot  adequately  represent  brief  periods  of  heavy  ralofsll 
or  extended  drought.  Such  local  condltlona  can  he  beccer  medellcd  cuing 

plant  and  soil  surfaces,  which  la  usually  different  from  PE.  Second, 
the  dlffeteacc  botween  PE  and  AF.  provides  a measure  of  aoleCure  deflclc 
which  serves  ss  Che  basis  for  calculating  Irrigation  requlremetics  of 


Bolnturc  Is  first  ussd  to  rochnrBO  tlia  soil.  The  water  surplus  which 

eventually  contribute  to  atreanflow  or  groundwater  recharge. 

The  water  holancc  technlnue  Is  a powerful  predictive  cool  for 
areas  undergoieg  land  use  end  vegscacion  changes,  increased  dr.ilnage, 
or  urbonisstlon.  Drainage  of  land  generally  causes  a reduction  in 
soil  scocege,  an  increase  In  aurfare  runoff,  and  a decrease  in  ground- 
water Lcvals,  all  of  which  can  be  qnanclfled  using  the  water  belencc, 
locreaaes  in  irrigation  raqufreinents  can  also  be  predicted  based  on 
increasiog  ooistuce  deficits  fcon  drainage. 

there  are  aeueral  shortcoailnga  to  the  water  balance  procedure 
as  originally  developed.  Because  of  the  extensive  disccibuclon  of 
which  occur  In  a river  basin,  tbs  technlqua 
>r  rapid  calculations  on  a dally  basis.  In 
addition,  a method  has  been  devised  to  calculate  mailiuum  soil  moisture 
storsges  (SH)  as  a function  of  both  soli  type  and  land  use. 

Several  additions  have  beco  incorporated  into  the  water  balance 
CO  better  represent  the  hydrologic  response.  Ihese  ore  discussed  In 
detail  in  the  oast  eectlon.  Surplus  runoff  volumes  calculated  on  a 
dally  basis  are  coostralned  to  flow  at  specified  rates  depending  on 
Che  soil-cover  complex,  gsciaiscaa  of  base  flow  are  subtracted  from 
soil  acoroge  on  a daily  basis.  Finally,  runoff  contrlhut Iona  are 
suanted  for  each  plannlog  unit  and  a flood  routing  option  Is  svellable. 


A hydrologic  simulation  model  has  been  developed  which  uses 
Ihornthwaice  walsr  halonco  to  calculate  surface  and  subsurface  cv 


ns  RI.ftND,  dstun»£nes  dslly  rynoff  ccmCrlbulinrui  fro»n  ear]i  sall'Jsnd 


Its  ts  IU.IM4D  Include  dally  ralnfiU  siwcuncs 


the  soli  type.  For  the  presenc  scheme,  there  are  18  planning  unite  or 
subtfacereheds  in  the  heein,  seven  lend  use  types,  and  four  soil  types. 


torages  SH(d,K)  for  each  soil-land  use  complet.  The 
relsCloRS  depicted  in  Figure  2.14  for  various  curve 
on  the  followiog  axpreeslpn  (SCS,  1969): 


" potential  maxlBum  retention  : 


|-in?r 


chif  runoft  eutwtf  mJTBlii.T,  i?  a trsnafonBarlon 
a averaging  anJ  lptcvi<olatlng  cpcraclora  nore 


1 aolatara  ecacage  ii 


vailoua  soil-land  use  coiaplSBee  In  the  KissiBBoee  River  Basin. 

nscessarR  to  provide  deeenclon  storage  constants  to  specify  the  delay 
of  outflow  runoff  from  each  land  use  type.  The  constants  CDETJJ.K), 
defined  as  the  percent  of  ovailable  surplus  reoaining  on  the  land  per 
day,  vary  from  6fl  percent  Co  90  percent  for  leproved  pasture  end  earsh, 
respectively,  Those  constants  basically  allow  Che  surplus  ro  bscose 
rttnoff  at  an  esponentlsl  race,  or  in  direct  proportion  to  Che  amount 
which  is  svailable.  The  storage  and  outflow  chorecCeriacics  ace  uaed 

In  addlcloo  to  the  above  InformaClon,  HLARD  requires  further 
input  data  on  the  soil  Doiscure  regime,  specifically,  constants  which 
describe  the  depletion  curve  due  to  £T  in  the  water  belsnce  procedure. 
The  constaots  are  a function  of  soil  and  land  usn  types,  and  basically 
describe  the  curves  plotted  in  figure  5.6,  The  deplution  coef flcionts, 
D’a.{J,K),  are  used  in  equation  5.7  to  provide  an  esclatata  of  the  teaulL- 
Ing  soil  molecure  as  a function  of  the  aiaxlmum  level  end  the  accuiau- 


Matrix  of 


156 


D overall  scre.-uaflow  vulnixcs.  Daring  6ry  portions  of  tho  yoer,  ficored 
oil  nolRlure  and  groundwater  eecp  slowly  coward  the  rivet  following 
he  gradient  of  the  lend.  During  flood  tines,  base  flow  my  eoncrl- 

0 the  eecurstion  of  Che  soil  system.  The  rate  of  base  flow  Is  decer- 
Ined  by  particular  ohacaceeristlcs  of  Che  geology,  topography,  and 


flcally  decemiaed  for  the  KissiniBee  River  Basin  by  Laogbein  (1955) 
and  is  depicted  in  Figure  5,8.  The  relation  was  obtained  through  Che 
Cechoitiue  of  hydrograph  aeparation  for  15  years  of  etrcanflov  data 
for  the  Rissiinsee  River.  Baac  flow  ij  incorporated  into  HLAliD  by 
fitting  an  equation  to  Longbein^s  relation,  and  partitioning  the  sub- 
surface flows  to  each  soil-land  use  conplen  in  each  plannli'g  unit.  In 

storage  on  a given  dey.  and  then  subtracted  fton  aoll  storage  at  the 
end  of  a day.  If  another  type  of  base  flow  relation  la  preferred, 
it  can  easily  be  incorporated  into  HLAND. 

Once  surface  and  subaurtaoe  cootrlbuclons  of  runoff  are  calculated 
for  each  soil-land  use  conplex  In  a planning  unit,  chose  are  eunseed  up 
over  all  6(1. J,K)  cooponencs  to  yield  a total  dally  runoff  from 
the  planning  unit.  Thcae  valuee  may  be  lero  if  soil  aoisture  levels 

tsinfall  has  occurred. 

It  should  be  mentlonad  that  the  model  output  la  quite  sensitive 
to  sc  least  three  peramecers:  1)  the  rainfall  distribution,  2)  chs 


10.0- 


Relationshlp  BeCBsen  storage  and  Beee  F'. 


naxlmiia  soil  sinrage  levels,  ond  3)  rhfi  soil-land  use  Jistribveion. 
rain  gases  in  the  basin  are  oTBpilflod  in  ths  surfsno  runoff  )>redic:- 

dictiooB  for  future  land  use  paUarus  obviously  detarrtine  to  a large 


observed  diffeiunces  be 
The  flood  rovtlog 

basin.  Following  this, 

gies  in  the  tasin.  'fbess  results  provide  the  essence  of  the  regional 
analysis  in  the  KisaiiniDCe  River  Basin,  and  provide  valuable  inforsation 
for  furtbec  detailed  studies  along  the  river. 

Calculated  retention  tinea 

in  Figure  5.8  wae  analyeed  as  a ftinctlon  of  storage  v 
to  calculate  retention  tine.  Teble  5.2  presents  the 
the  atoragas  range  front  2 inches  to  20  Inches  and  prO' 
retention  tloa  of  about  130  days  for  tha  basin.  These 
vide  on  upper  limit  for  the  control  of  runoff  from  thi 

A similar  anslynla  woa  n.irrled  out  for  surface  ri 
land  use  complexes.  Detention  storage  ci 


numbera  provide  additional  reasonn  for  any 

ection  provides  a detailed  description  of  the 
HD  for  B acriea  of  liletorical  yaora  in  tha 


proportion  CO  Lho  amount  of  niicplua  wncor.  The  reloLfonsMp  uord  in 
for  soil  scoraee. 

Cor  so  onclrc  planning  unit  If  Che  lend  nee  diecrlbucioo  le  hnown. 

This  technique  does  not  coosider  leg  effects  due  to  routing  of  flovs 

In  genernl,  shorter  retention  rises  concribute  to  an  increase 
in  nurcienc  loading  Eroia  intensively  drained  areas.  Surface  flows, 
with  ralatively  short  retention  times  compared  to  base  flow,  are  aasusei 
Co  contribute  the  majority  of  total  phosphorous  from  the  land.  Beceuee 

tlsns,  1.5  Co  9.5  days,  ic  is  necessary  to  iirvasclgate  Bore  carefully 
the  concept  of  eurCace  drainage  EechanLsme.  Detailed  studies  of  tiver. 
lake,  and  marsh  drainage  areas  are  discussed  in  later  aeetiona  of  thia 
chapter,  and  results  are  presenced. 


Previous  discusalona  on  storage  and  control  concepts  have  emphs' 
slaed  the  iBfiorLaiice  of  retention  time  for  both  ruooff  and  water  quallry 

concentrations  obey  exponential  decoy  celaclonshlpa  for  various  reser- 
voir units.  In  order  co  utlllae  these  relacionsiiipe,  decay  constants, 
retention  ciBee.  and  iniciul  conditions  are  required,  h'hlle  the 


RecenLiaa 


Uolmpraued  Paacure 


hydrologic  flioilol  HLAND  provides  so 
snnLogoiiii  technique  to  ealcttlsLe  bi 


ccsBureMsti,  or  use  Inlornstlon  from  Che  literature,  A detallad 
review  of  non-poiot  pollution  sources  from  a variety  of  land  uses 

essence  of  the  probleoi,  shoving  Chat  nutrient  loading  races  for  pre- 
cipitation, forest  land,  and  cropland  take  on  a range  of  values  de- 
pending on  specific  land  oanagensne  practices.  Uhera  animal  densities 

conCributlonn  may  assume  lover  values  coDiparcd  to  cropland  oc  improved 
pasUre  receiving  manure.  The  above  results  represent  loads  idilcli 

sources  on  the  land,  mainly  because  It  is  difficult  to  genoralice 
shout  the  msny  interacting  variables  which  Influence  Che  reeulcs.  In 
atcewpclng  to  relate  ferclliaer  raCea  with  obscrued  nutrient  trans- 
port, the  transport  machanlscts  defy  an  accurate  description.  Cattle 
deneicy  or  loading  per  anlnel  represents  a major  source  of  nucrlenca  in 
Improved  pasture  areas.  But  greaing  and  migration  patcums  slgnlfl- 
s results,  and  tranaport  mechanlama  are  difficult 


candy  Influence  tl 


drflliia^  CAnals.  Di  general,  nutrlenc  source  loads  on  the  Land 
ore  difficult  Co  quantify.  Most  research  efforts  hove  been  aimed  at 
Che  oeasuremenc  of  nutrients  transported  from  a site,  as  a function 
of  land  use,  cattle  density,  or  fectlllact  rates. 

Given  Che  paucity  of  non-point  loading  data  It  Is  assumed  chat 
tlie  relative  loads  can  be  used  as  shown  in  Table  5.1.  Loading  para- 
meters were  investigated  for  the  KlssieBee  River  basin,  and  reaults 
are  presented  in  the  next  section  along  with  Che  concept  of  drainage 
density  as  a transport  loechonfsB  from  the  land. 


Transport  Concents 

Dralntse  Density  as  o Trsnsporc  Concept 

The  concept  of  drainage  denaity  ae  an  index  of  drainage  basin 
proeeeees  has  been  Incrcduced  ptevlously.  It  is  defined  simply  as 
Che  total  length  of  vocerways  within  a watecahed  divided  by  the  wscet- 

age  basin  processei  scene  from  the  feet  thsc  water  and  sediment  dyna- 

In  this  way,  drainage  paths  act  as  ccanspoct  vehicles  for  runoff  and 

Tsetocs  concrolliog  drainage  density  include  climsce,  soils, 
vegetstlvo  cover,  end  baaln  slope.  Hunild  temperate  areas  with  highly 


permeable  soil,  dense  vegetation,  and  low  relief  tend  to  have  lower 
densities  than  semi-arid  regions.  The  drainage  network  in  a regitfn  is 


LaadlnSflc 


Vorese,  MArsh,  Rangeland 
Cropland 

Urban  Drainage 
Faedlot  Runoff 


Relative  weiglit 


charfict?rlsCic  gf  Che  InfllirgCloh  cepacicy  of  soils  aoii  creoces 

devciopnenca  end  hltjh  tncenslty  agriculture.  Citrus,  cropland,  and 
ieprovod  pasture  are  usually  characterized  by  an  extensive  aysceai  of 
dreiuege  canals,  designed  for  water  Cable  control.  Thus,  drainage 

in  valuQB  to  be  expected  froei  one  wocershed  Co  another  (Gregory  end 
Welling.  1973).  there  has  been  very  little  worh  reported  o 


Resin  has  provided  s useful  study  area  because  of  cite  extremely  flat 
slopes,  generally  uniform  aoll  types,  and  Che  gradient  of  land  uec 
Intensity  which  extends  from  Lake  giBsimmee  to  Lake  Okeechobee. 


tbe  original  native  range  and  Biarsh  tonditloD.  As  reported  In  the 

planning  units  U through  18.  while  13  and  IS  have  remained  In  a 
relatively  natural  condition  (see  Figures  4.8A,  B,  C,  and  D) . Land 


original 


vey  quadcanglc  laa 
disclngulshlug  .'ll! 
in  addLclon  to  th 


p«rcantage  o. 


0 obtain  betlpr  oi 

wibirli  corrofipond  exnrtly  Co  Che  U.  S.  CeologlcaL  Sue- 

onocher  land  uso  cecegory,  dicched  ii^roved  pasture, 
Che  ocherf,.  Tlie  original  auruey  only  separated  Cota] 

'C  crlbucary  systems  depict  not  only  an  Increase  in  the 
>f  improved  pasture  below  PU  Id,  but,  more  imporcantly, 

Che  need  for  more  accuracely  dotcnninlng  the  characceriaclca  of  the 
major  drainage  patterns  in  each  planning  unit,  vlch  the  Intcnc  of 
eaplaining  setae  of  chn  observed  nutrionr  loading  races. 

Weitureaent  ef  drslnsae  density 

of  dralnsge  paths.  Several  techniques  are  available  including  1) 
the  blue  line  method  on  U.S.  Geological  Survey  Topographic  Haps 
(Horton,  19d5),  3>  die  rapid  Iloa  intersecciens  method  (Carlecon 
and  Laogbein,  I960),  and  3)  the  complete  analysis  of  saclal  photo- 

third  method  is  decidedly  more  accurate. 

The  decsilad  measurement  of  drainage  lengths  and  areas  on  1972 
Kerb  Hurd  aerial  photagraphe  was  greatly  simplified  by  the  use  of 
a Hewlett  Packard  Calculator  (Model  9810)  and  D'gltiaor  (Model  9869A), 
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<iblch  taeiisurefi  U’ngchB  to  a reaolutlon  of  O.Ul  in.  Areon  ore  obtaiO' 
by  Integration  on  die  calcidatcr  to  a raeolutlon  of  O.OOfll  in  . 

Ttie  onolyala  of  land  iwe  aroan  on  the  l;24,OQO  scale  aerial  pholoa 
Involves  the  use  of  12  equally  spaced  sanple  plots.  In  the  shape  of 
circles  with  3 In  diooeters,  which  are  overlaid  on  each  photograph. 

photograph  are 


fron  15  to  25  percent  of  the  total  aerial 
depending  on  the  slae  of  the  watershed  (see  Table  5.5) 
d use  pattern  la  deteriBlnsd  by  sumlng  all  the  saeple 
r each  sefawacerahed.  The  digitiser  rechnlque  thus 


Heaaurccents  In  the  Klsslamea  River  Basin  Indicate  the  relative 
accorecy  of  these  techniquos  for  selected  sidrwatersbods.  Table  5.6 
shows  that  for  the  relatively  natural  areas,  the  blue  line  map  method 
underestlnates  the  value  of  D.  obtained  from  1:26,000  aeriel  photo- 
graphs. This  is  due  to  the  fact  that  the  quadrangle  maps  do  not  In- 
clude all  of  the  draloega  lengths  contained  on  Che  aerials.  Conversely, 
the  rapid  line  intersection  method  overesrimetes  the  value  of  D froo 
the  aerials.  Thia  method  involves  drawing  a line  of  fcnown  Icogth  (L) 
in  Dllea  on  a contour  eap  and  counting  the  nuaber  of  streants  (n)  which 


Ciustl  and  Schneider  (1962)  tosipared  maps  of  different  dates  and 
scales  for  Che  Piedmont  area,  finding  variation  In  D,  from  2.3  to  5.2 
aj/sq  ml  aod  from  0.69  to  3.1  nl/sq  mi  at  two  different  map  ecales.  The 
valoaa  ranged  from  0.23  to  5.2  mi/sq  ml  on  map  scales  from  1:250,000  to 


T;ible  5.6.  Drainage  Dcnnlcy  Me.nauceikents  in  Lhc  Klsaifitocu  Klver 
Banlt.  (HI/S<)  Hi). 


Councy  Road  K.nps 


1:24,000.  Similarly,  Selby 
Morimawa  (1SS7)  augscalcd,  I 

:8  apply  la  the  KlaslisiBae  I 


fled  oil  fltatlflclcal  anolyuls,  that  naasur 
mi  In  drolTiase  orea.  Similar 


ID  length  aa  compared  Co  . 


, la  the  definition  of 
fll  photograph.  Dnnnaond 


S.  Geological  Svrvey  Includua  all  of  Choae  stceana  up 
o"  the  divide,  and  greater  than  2000  ft  in  length  for 

area.  Table  5.6  shows  that  the  larger  the  map  scale,  the  It 
predicted  level  of  0.  because  drainage  detail  la  sacrificed 


:c  indication  of  tl 
'er  when  compared  I 


were  available  for  the  i 
use  them  to  analyze  D.  in  detail.  Th 

along  with  map  dates  is  presented  in  ' 


tounty  highway  mape  (1:126,7201 
dlfferencee  in  0.  for  planning 

r Baein,  it  uaa  decided  Co 
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nodlficd  natural,  and  rnsn-mnde  drainage  paths  unl^  In  the  accounting. 
No  actciBpc  Is  (rode  to  separate  hydraulic  or  nutrient  loading  capabili.- 
ties.  Drainage  lengths  which  are  sHiasured  include  natural  sloughs, 
tributaries,  channels,  and  agricultural  or  urban  drainage  canals. 

Harah,  swanp,  and  pond  areas  are  nor  specifically  included  unless  they 

cically  in  Figure  5.9. 

Final  results  of  analysing  the  tributaries  in  the  lower  basin  of 

densities  range  froD  18  to  33  mi/sq  nl  and  Include  only  chose  areas 
which  have  been  Inccinslvely  ditched  Cor  iaprovod  pasture,  citrue, 

range,  forest,  and  marsh  areas  which  may  have  been  partially  channaX- 
iaed  by  connecting  ponds  or  slo<ighs  together.  Natural  densities  range 
from  1.2  to  2.3  ai/sq  nl  and  Include  all  areas  of  natural  drainage 

types  into  a singls  index  for  a given  planning  unit  or  slough  systea. 
Planning  unit  values  range  from  2.92  to  0.63  ml/sq  ni  while  Individual 
sloughs  range  from  l.i9  to  9.23  ml/sq  mi.  Those  areas  dominated  by 
ditched  Improved  pasture  tend  to  have  the  highest  drainage  densities, 
and  Cheec  ere  echematieally  presented  for  each  planning  unit  in  Figures 

.1  draioage  length  versus  drainage 
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PLANNING  UNIT  14 


PLANNING  UNIT  15 
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PLANNING  UNIT  16 


PLANNING  UNIT  17 


area,  inillcatirg  that  regions  south  of  S65-C  hsvo  tighor  drainage 
densUiaa  (Figure  5.12).  The  values  range  fron  3.53  nl/sq  al  Co 


The  range  in  oieaaured  values  of  drainage  deosicy  In  Che  KlsslaBaee 
Kiver  Basla  cotopares  favorably  with  other  values  reported  for  uater- 
sheJs  In  the  eastern  United  States  where  the  average  la  d.O  eil/sq  ml. 
These  are  at  the  low  end  of  the  spcccrun  coopared  to  drainage  densl' 
ties  In  arid  regions,  which  range  frota  10  Co  100  ai/sq  mi  (Figure  5.13). 


a variety  of  ellmattc  ii 


ff  these  studies  has  been  to  Ionic  at  atreanflow  response  for  a variety 
if  watersheds  with  different  sell,  topographic,  and  drainage  charoctec- 
sties.  Raaolts  usually  relate  aome  measure  of  average  annual  strean- 


The  main  objective  of  this  effort  has  been  co  describe  and  quantify 
various  hydrologic-land  use  Intaractlons  which  occur  within  a single 
river  basin  or  watershed.  There  Is  a definite  need  to  explain  Che 
discrlbution  of  effects  which  are  observed  at  various  locaclems  within 
the  river  basin,  such  os  surface  runoff  voluiaes  and  nutrient  loading 
rates.  If  these  cao  be  related  to  various  land  use  activities  and 


drainage  proctlces,  then  the  question  of  control  measures  tor  those 
probleas  can  be  realistically  addressed. 

Results  from  the  Kltslimee  River  Basin,  with  regard  Co  hydrologic 
response  predicted  by  HURD.  Indicate  the  significance  of  lend  use  and 
sell  moisture  cnpanlcy  In  determining  rnnoff  vnlumes.  Figure  5.14 


CUMULATIVE  DRAINAGE  AREA  (SO  Mi) 


PLANNING  UNIT 


e typical  raaponna,  : 


laurcd  ai  pprcoiit  runoff  which  coocfi 
id  drought  conditions  nt  various  loca- 


upstrcaa.  aids.  This  prvdloted  response  Is  due  priiMrily  to  drainage 
activities  which  have  reduced  the  fluctuaCIoni  of  the  water  table 
end  available  soil  oolsEure  storage  below  PU  IS.  if  one  plots  the 
percent  surface  runoff  against  Dj  for  each  planning  unit,  the  result 
indicates  that  they  are  approrisaCely  linearly  related  CFlgure  5.15). 
Annual  eean  flood  in  D^/sec/sg  el  of  watershed  has  been  related  to 
Dj  {Figure  5.16)  by  other  Inveatigators.  A data  point  For  the 

significant  with  regard  to  the  atorage- 
:er.  Drainage  density  is  directly 


The  above  relationships 

related  to  the  average  length  of  overland  f. 
capacity,  and  surface  runoff  voluive  via  canals.  Thus  tho  D 
serves  as  an  indicator  of  retention  time  T for  particular  lend 
or  planning  units,  where  T Is  the  ratio  of  storage  capacity  to 
flow  rate,  table  5.10  presents  the  planning  unit  surface 

t retention  tlEses  froa  fnteneively  drained 
increase  In  surfece  runoff  as  well  as 
nutrient  loading,  nainly  because  of  the  reduction  in  rlae  necessary 
for  physical,  biological,  and  cheelcal  uptake  aechacisittf  to  operate. 
Pralnase  density  and  uater  giiallLv  efferre 

Prsvlous  discussions  of  uater  quality  and  non-point  source  loadl 


tiaas,  detemlned  Ccom 
constants  CDET(J,it).  « 


AAOTi  3ovjans 


jjoi-jna 


MEAN  ANNUAL  FLOOD  (M^/SEC/SQ 


(Adspted  froo  criigory  and  KalUng, 


Table  5.10.  Drainage  OcnsiLy  and  Ratcnclen  Tine* 
KIsalnace  River  Baaiu  Planning  Mnlca. 


Planning 


Drainage  Denalty 
_(nll'gq  ni) 


tt  land  use  type  is  an  Isporiatit  parameter  li 
nininft  apscific  nuirisnt  loaHings.  Various  ranges  in  vnluup  i 

a variety  of  climatic  an> 

of  InCeMlly  of  use,  uhleti  has  a definite  effect  on  potential  for 
off-alte  transport.  While  cattle  density,  fertiliaer  rates,  and 
graiing  paacures  have  slgniricant  olfects  on  nutrient  source  loadiogs 
In  the  Klsalmoiee  River  Basin,  draloege  density  Is  by  far  one  of  Che 
»osc  repceaencacive  indices  of  nutrient  transport  off-sice.  Because 
of  Che  ovecall  unifom  slope  and  character  of  agricultural  land  use 
In  Che  loser  hasln.  It  was  felt  that  drainage  density  might  provide 
a valid  general  Indicscor  of  nutrient  concentratloos  measured  in  the 


The  relacionghlp  of  D,  to  overage  length  of  overland  flow,  along 
with  nutrient  loading  potential,  is  analogous  to  the  concept  of 
sediment  delivery  ratios,  defined  ae  Che  fraction  of  gross  erosion 
delivered  to  e stroam  CMidueat  Research  Institute,  1975).  The  basic 
approach  considers  the  siae  of  a unit  watershed  aa  a funecion  of  chs 


meet  delivery  ratio  Co  be  cspecced  from  various  unit  watershed  sires. 
The  conrepc  of  drainage  denalty  can  be  placed  Into  this  sane  general 
framework,  because  the  reciprocal  of  Che  sguarc  of  B provides  an  esti- 

is  BcLicmacically  presenced  Id  Figure  5.18  for 


wmmm 
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dellvetj  rscioj  Increase  dramatically  for  the  more  Intensively  (trained 
areas  (Figure  5.17).  SeeaiLsc  niicrluncs  such  as  phosphneous  tend  to  be 
sasuciacsd  with  tlie  sell,  the  poLentlal  for  nutrient  leading  from 
these  areas  else  Increases.  Such  roasoninB  l(?ada  ca  the  hypothesU 


In  the  Kisslamee  River  Saain,  Inflow  tributaries  were  sampled 
on  a Eonthly  basia  far  concentraclons  of  various  form  of  » and  P. 

AS  indicated  before,  only  total  P levels  ylcldsd  signlflcent  variation 
In  time  and  apace.  Reaulte  for  various  contributing  tributaries  were 
presented  in  Figure  4.12.  ic  cun  be  seen  that  both  peak  and  average 


baaed  on  tha  detailed  investigations  of  draloage  density  levels 
In  each  planning  unit  sod  slough  system  along  the  river,  eneesured 
concentrations  of  average  and  peak  total  P for  Che  wat  season  (1974) 
wers  plotted  versus  oeasured  drainage  dcnaltlet.  Although  only  a 
limited  number  of  data  points  are  available  for  the  lover  basin,  posi- 
tive eorcelatlons  arc  obtained  as  shown  In  Pljurcs5.19  and  5.20. 

The  Importance  of  these  relaclonshlpe  is  not  the  actual  messured  values 
of  Dj  and  associated  P concentrations,  but  rather  the  feet  that  higher 
drainage  densities  tend  ta  be  associated  with  higher  eoneentratlons 

With  regard  to  nutrient  loading  t.rtea.  data  on  both  hydrologic 
flows  and  nutrient  concentretlues  must  be  available.  While  water  quality 
monitoring  hae  been  extensive  eliroughour  the  basia,  the  associated 


DRAINAGE  DENSITY  (MI/SQ  Ml) 


JID  provide  for  c 
>D  each  planning 
Reelislni  the 


unic,  a positive  correlation  appears  between  neasured  total  P cen- 
to Che  BieasureiDcnt  <Figure  5.21).  In  general,  the  higher  the  surface 
runoff,  Che  higher  Che  concentration  of  total  P which  is  transported 
via  overland  flow  and  tributary  to  Che  river.  Thus,  the  phenoTuenon 
of  dilution  by  Increasing  volumes  of  water  is  masked  by  more  rapidly 

S65-C,  loading  rates  increase  more  rapidly  due  to  higher  surface 
runoff  voltraos  aud  higher  nucrlonc  concencralions,  coohiniog  Co  yield 

Sutrienc  loading  rates  are  plotted  against  D.  and  Che  resultlag 

explained  by  considering  thee  higher  drainage  densities  yield  higher 

produce  a nulripHcacive  offecc  on  nutrient  delivery  racee.  The 
range  of  nutrient  delivery  rates  from  0.01  to  0.15  kg/sc/yr  ronpares 
favorably  with  values  reported  by  Utcotmark  et_al.  US?!)  for  nimllar 


d drainage  density  in  Canadian 


Pigure  5-21.  local  P Coaccncrallon  voraos  Runoff  Vo-cne  by 
Plaimlng  Unit  for  Mec  and  Dry  Seaaonn. 
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lich  are  abserved  or  predicted  for  a river  baslo  as 
drainage  dGnalcy.  In  general,  increased  volinses  oi 
higher  nutrient  concentrations,  and  higher  nutriei 
higher  drainage  densities  li 

Improved  panture  and  cropland,  have  potentially 

t that  these  areas  produce 

density  end  Certlllzere  were 
in  order  to  better  evaluate 


drained  areas 
greater  source  loadings  initially  applied 
density  and  fertilization.  Thus,  the  fact 
higher  ezport  ratea  than  Bora  natural  area 
Nutrient  source  loadings 
investigated  in  the  KissiBmee 


the  effect  of  drainage  denalry.  In  general,  i 
nutrlenr  loeding  depends  on  both  the  magnitude  c 
associated  drainage  density.  Figure  ! 
very  nicely,  especially  for  planning  unit  15  where  the  i 
is  rcletively  low  but  0^  Is  high  and  planning  unit  IS  vl 
Ttetcra  take  on  large  values  and  produce  heavy  loading. 
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5.23.  Total  P Load  veesua  DralnoBO  Danaltp  in  Canadian  WaLcrancda 
(Adapted  fToc  llltcbner,  L974,  p.  6). 


PLANNING  UNIT 


d >oucin<t  Conreptg 


Bsein  datLni;  back  to  1949  wlicri  the  Central  and  South  riorlda 
Control  UJntrlcc  woe  origioally  [onopd.  The  basin  hos  a liis- 
>E  nacurally  occurring  flood  events  which  have  inundated  large 
above  the  lake  shorelines  and  along  the  river  floodplain,  in 

land  for  flood  control  for  Che  upper 
existing  flood  control  project  in 

Kisnlnniee  Canals 


c lake  shorelines,  o 
basin  lakes  wee  expreeaed.  i 
Che  area  uees  acruccurel  cont 

control  project  can  be  aeje  b 


'd  hydeograph  with  and  without  the  flood 
y Invosclgatlng  the  floods  of  1993,  1964 
the  nonclily  rainfall  and  daily  screaia- 
neat  Ckeecbobae,  Florida  (S69-S)  for 


the  reaponse  of  tb 
rainfall  sjaounc. 


had  begun  opersclon  and  Che  ocher  floode  represent 
re  unchannellaed  river  floodbiain.  kainfell  pet- 
for  cho  three  floods  with  1953  recording  the  blgbeat 


3000  cfs,  and  total  volune  of  flow.  The  1953  and  1960  flood  hydro- 
graphs  ace  similar  in  all  categories  except  fer  Che  ecCual  shepe  of 
the  curve.  The  recesalon  for  the  1953  event  was  slightly  longer. 


hydrograpb  is  markedly  different  from 


Table  5-11.  Acalyaie  of  Floods  iji  the  Klsslmee  River  basio. 


cliaracteriscic  of  a devolopod  draliu^  ayatcn,  l.e.,  a higher  peak 
flow  and  a sitorlor  lag  tine  between  rainfall  and  roaponaa.  Rpceaslon 
tljBa  le  reduced,  but  total  flood  tino  ia  comparable  to  the  others 


since  the  flood  volume  is  less  by  IS  percent.  Kota  the  secondary  flood 
peaks  which  are  chsrscterlscle  of  a channeliaed  eyscein.  In  addition, 
Che  time  of  travel  through  Che  eysceoi  haa  heen  significantly  reduced 
due  to  Che  Increased  rates  of  channelised  flow  and  the  reduction  in 

■nils  section  develops  a technique  for  predicting  flood  hydro- 
grephs  dlacharged  from  the  Klsslimiee  River  Basin.  The  routing  pro- 
cedure uses  Input  runoff  from  the  HURD  model,  and  thus  can  simulate 
the  response  for  any  given  land  uae  pattern  In  Che  hasln.  The  routing 


procedure  can  simulate  the  present  C-S8  channel  ayscem.  or  it  can 
be  altered  to  model  the  original  meandering  floodplein.  In  this  way. 
It  la  possible  Co  determine  whether  the  river  channelisation  or  Che 
upland  tributary  drainage  acclultles  has  caused  the  greatest  change 
In  the  observed  outflow  hydrograph  (Figure  5. 25). 

oh  planning  uoic  predicted  by  HLAVD, 
ly  Inflows  from  upstream,  can  be  routed  through  the  main  stem 
river  by  considering  the  governing  momentum  and  continuity 


oquationa  2.15  and  2.16.  It  was  shown  in  Chapter  II  that  these  equa- 
tions can  be  simplified  by  considering  a llreac  relationship  between 
flow  and  storage.  In  a natural  channel  with  overbank  floodplains,  thi 
assumption  of  linearity  may  be  approximately  correct  (Linsley  ec  el.. 
1975).  and  the  resnltlng  storage  equation  is  termed  the  Muskingum 


equation  (see  equstlon 


CVicsaoan  ct  al..  J972),  tlic  Hiiakfngua  method  is  tdc'olly  siilcod  for 

seasonal  effaces  are  of  prlDscy  concern,  dally  elms  steps  can  be 
used  In  order  Co  conpleiaenc  the  runoff  calculations  froa  I'LAdD. 

The  MuaklnguD  method  is  relatively  simply  in  theory,  using 

aluays  exceeds  oucflon,  thus  producing  the  vedge  storage  shown  in 
Figure  5.26.  Conversely,  during  the  recession  of  the  wave,  outflow 
exceeds  inflow  reeulcing  In  a negative  wedge  storage.  The  wedge 
atorage  is  represented  by  KX(1  - U)  nnd  Che  prism  aCorage  by  KO. 


(S.2' 


Sj  - Sj  . K[X(Ij  - 1^)  + a - XHO^  - Oj)l  (5.21) 

Combining  equecion  5.21  with  the  continuity  equation  (equecioo  2.16) 


0,  . Oi  + Cjdj  - op  * cpi,  - ip  + - Kp 


corresponding  Co  Ihe  vorlous  control  srrucCucca  which  also  define 


applied  o 

dally  rainfall  paccecos  ovei 
outflow  hydrogcaph  ftoo  the 

ing  storage  (X)  ond  Ccavol  I 


Hydrologic  calibration  of  the  tk 


conflgoratloes  (1972)  and  a aeriaa  of 
le  baslQ  il96S>1970),  the  predicted 

compared  to  neoavred 
(S6S-E).  By  adjuac- 
the  routing  model 
so  be  calibrated. 


teroa  over  the  basin.  KLAND  calculates  Che  contribution  of  total 


a dally  basis. 


the  avsilabillty  of  data  and  the  fact  thee  this  sequence  includes 

predicted  stresmflovs  is  depicted  In  Figure  5.27A  at  the  gaging  sca~ 
tlon  near  Okeechobee  CS65-E).  It  can  be  seen  that  the  model  provides 


rapresentatlon 


flowu  (19^8),  Figure  5 


0),  droughts  (1985-1967),  and  avorngo 

Clows  for  the  lower  bssin,  w]  Lh  InClows  from  La)(e  Klasimca  sufa- 
rracced  from  outflows  at  S65-E.  This  iDdlcares  Chat  cho  oodal  la 
eccucacely  predluClnB  runoff  voluntas  frop  each  planning  unit.  A sum- 

5.12  in  order  to  indicate  the  distribution  of  surface  end  subsurface 
runoff  volumes.  Total  voluDce  of  ruuff  for  the  basin  ace  tonparod 


flows  at 


I addition,  HIAKD  was  run  for  a 2-year  period  prior  to  chsnneXl- 
(1959-1960)  using  Che  1958  level  of  land  use  for  predltclng 
and  Che  orlBinal  meandering  floodplain  for  routing  the  flows, 

In  Figure  5.28  for  measured  ond  predicted  screan- 


e condition  O' 


te  land  draioage  characcarlatica  than 
river  floodplain.  Travel  timee  were 

tion  provided  additional  storage  capacity  during  the  wet  seeson. 

The  present  regime  induces  excess  water  into  drainage  canals  at  a 
faster  rete,  sid  thus  yields  increasing  percentages  of  surface  runoff 

The  celthretlon  procedure  hea  revealed  several  interostlng  charse- 
>e  hydrologic  response  in  Che  Klsalinnee  River  Basin. 
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MusbinguB  ruutlng  tccholque  escljnoEe!}  Che  tr.ivcl  tlae  Tram  Lsbe 
Kissimico  Ed  LiIlu  OlceediobcD.  i'Le  EtAvel  i1tu  K Id  QqusL  Cd  the 
EetencloQ  ciiBO  T bcceuse  they  hyth  define  the  length  of  tiae  that  a 
given  voluM  remains  In  the  oyatem.  lased  on  the  analysis  of  observed 
hydrographs  at  ShS-E,  a T value  of  3.S  days  was  derived  and  used  in 
the  calibration  of  IIWND  for  Clio  prosont  C-3B  configuration. 

In  order  to  esciitate  Che  potential  for  nutrient  uptake  in  the 
river,  eouaclon  5.S  was  applied  to  give  an  estlmace  of  reduction  In 
concentrntlon  as  a function  of  T.  There  is  s problem  In  doflolng  Che 
value  of  the  decay  constant  k for  the  case  of  a rivet,  but  a comnonly 

resulting  calculation  foe  the  ratio  of  outflow  to  Inflow  concentration 


k = 0.1  day' 


Thus,  there  is  a potential  for  about  30  percent  uptake  {at  20*  C3 
in  the  river  under  the  present  configuration.  But  for  the  section  of 
the  river  below  S65-C  where  most  of  the  nutrient  losdlng  Is  generated, 

culatlon  above  results  In  only  a 10  percent  upceke  potential. 

The  dashed  line  on  Figure  5.29  Indlcetes  the  uptake  of  nutrients 
which  wuld  occur  In  the  river  if  lacersl  inflows  of  nutrlencs  were 
completely  curtailed.  This  result  was  obtained  by  solving  e mass 
balance  of  Inflow  volumes  and 


concentrations 


KisslnsDee 


OtcGGCIiobee . Tho  difCerence  provides  sn  GsPlnotG  of  the  nutrient 
decay  canstSDt,  k,  oi  0.24  day  BasGd  on  clic  acrurocy  of  cho 
dieted  plsnniog  unit  flows,  this  value  eonpares  favorably  with  c 
of  0,1  used  previously. 

Under  the  natural  floodplain  condition,  prior  to  the  conscr 
tion  of  C*38,  the  travel  tlses  were  somewhat  ahorcer  in  the  river 
duo  to  the  meandering  pattern,  but  the  aualyals  of  hydrographe  a 
the  pre-channeileetion  runs  of  HUND  indicate  that  travel  titea 
no  longer  than  about  9.0  days  in  the  entire  river.  With  the  pre 
upland  drainage  activities,  especially  downstream  of  S- 

netural  floodplaio  still  existed,  based  on  the  above  arguments,  the 
potential  upper  limit  for  nutrient  uptake  In  the  critical  lower  two 
segments  of  the  river  was  about  15  to  25  percent  under  the  original 
floodplain  regime,  compared  to  10  perceot  at  the  present. 

The  above  slngiliUed  analysis  of  nutrient  uptake  potential  Indl- 
cateo  the  reletlve  range  In  values  to  be  expected  under  both  channelised 
and  original  floodplain  regimes.  For  either  caae,  the  river  and  flood* 
pleln  alone  do  not  provide  neatly  the  nutrient  uptake  which  one  might 
expect  based  on  previous  studies  Oiatshall  et_al . , 1972).  The  main 
reason  for  this  Is  the  fact  that  the  rapidly  flowing  river  environment 
does  oot  provide  enough  retention  time  for  physical,  biological,  and 

It  has  been  mentioned  that  nutrient  uptake  teijolres  relatively 

s.  Tills  inpllee  that  the  greatest  potential  would 


iccor  in  Inkcn  and  marsh  areas  sraciorad  thtcugliout  the  basin,  if 
>nc  could  route  agricuLLuce]  runol'i,  enrfrhcd  with  nutrientn,  Lhrough 

■a  Figucs  5.29  could  possibly  he  averted. 

Under  the  assuEDptlaa  that  the  river  ItseLi  provides  little 
ipeake  potential,  the  next  aection  explores  Che  idea  of  using  on- 
ite  storage  of  runoff  and  uptake  of  nutrients  in  aarsh,  pond,  or 
ake  areas.  Ihese  reservoir  atoragci  thus  provide  a double  service 
n helping  to  delay  surface  runoff  from  contributing  to  flood  flows, 
nd  in  providing  enough  ri 


A discussion  of  aucrieot  loading  In  lake  systens  hes  been  pre- 
cose studies  of  nutrient  diversion.  The  isoat  perotanont  approach  to 
lake  rcstorsclon  Involves  methods  Co  limit  fertility  and/or  sedloen- 
tatiun  In  lakes  by  controlling  Che  ptoblan  at  the  eonree.  Houever. 
in-lake  schsmea  arc  available  to  accelerate  nutrient  outflow  or  pre- 
venc  recycling.  One  such  technique  was  applied  to  hake  Tohapekallga  (Toho) 
In  the  upper  KlssimBse  River  Rosin  which  involved  an  etcperlmental 
drawdown  of  Che  lake  to  slow  the  eutrophication  process  by  consoll- 

loke  Tohopekallga  is  one  of  the  largest  lakes  in  the  Kissimmee 
chein  of  lakes  end  currently  supports  a productive  fishery.  Inflowa 
to  the  lake  are  from  two  primary  trlbutarlea.  Shingle  Creek  and  the 
C-3I  cane].  Outflow  from  the  lake  to  lakes  Cypress  snd  Hstchlnehs 
has  been  regulatod  by  a control  structure  since  1964  (see  Tigure  6.1). 


TIic  lake  raci'JvOB  treacl'd  sc( 
aarvina  adjacent  rltiea  as  well  ai 
pasture  and  citrus  surrounding  thi 

and  a loss  af  asiae  fish  habitat  □' 
of  prellailsary  Invesclgatlons  in  ; 
algae,  and  fish  populeelona,  an  ej 
the  Florida  Gaoe  and  Fresh  Hater  FI 


lake,  heavy  nutrient  loads  cod- 
ive  produced  degraded  water  quality 

16d  of  water  quality,  aedlments. 


)f  habitat  degradatloo. 


line  es  percent  of  the  tine,  based  on  the  scage-duracitra  curve  In 
Figure  S.30A.  The  stage-area  curve  then  detemlnes  the  lake  area 
for  low.  Dean,  end  high  water  conditions  {Figure  S.30B). 

The  Central  and  Southern  Florida  Flood  Control  Dletrlct  coopleted 
conatruettoD  on  a concrete  lock  and  spiUuey  at  the  lake  outlet  for 
flood  control  purposes.  The  present  water  regulation  schedule  pemits 

reflated  as  in  the  KIsslaiDee  River  Basin,  the  rone  of  regulated 
fluctuetion  ia  usually  reduced  over  natural  conditions.  Table  5.16 
ladlcates  the  relative  area  of  lake  fluctuation  for  several  Klsslimiiee 


lakeu  under  noLUrel  end  re^ulAtcd  eonditinns.  Uilefl  Tolin  end  l.ake 
HntchJnclia/Cyprees  repiecer  decreeece  in  fluccuaciun  frora  29  perrunt 
and  IDO  percent  Co  IL  percent  end  65  percent  oF  the  cntel  Jake  area. 


reepeccively. 

Figure  5.31  depicts  Che  aonea  of  fluctuation  under  natural  and 
regulated  conditions  for  Lake  Toho.  The  lake  naturally  tanged  from 
51.5  feet  to  55.5  feet  on  the  average  during  the  year.  Regulation 
in  absolute  range  fron  53  feet  to  55  feet,  but  tills 

littoral  tone  previously.  Lerge  areas  oF  oarsh  fringes  are  now  In- 

o represent  vegetated  buffer  zones  for  urban 
tera.  Recent  studies  have  guaolified  the 
h eiarsh/swaap  are.as  (Shih  and  llnlletc,  1971; 

tive  capaolcy  Is  also  reduced. 

The  fluctuations  under  natural  condlclone  provided  for  flood 
storage  in  the  large,  flat  buffer  eones.  Present  regulation  schedules 
malncsln  high  pools  in  the  dry  season  for  recreation  and  irrigation, 
and  keep  lower  pools  In  the  wet  seaaoo  for  flood  storage.  Such  flood 


•SB  and  wildlife, 
id  agricultural  ru: 


issio.  Drainage  of  these  adjoining  land  a 
inff,  wfaicb  in  turn  Increases  the  flood  storage  capacity  wbioh 
le  provided  Co  protect  existing  flood  plsln  develupcoencs.  A 
will  soon  he  reached  where  natural  lake  capacity  nay  be  exceeded. 
;B  conversion  to  e diked  reservoir  has  rradltlonany  been  used 
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vegtftated  buffer  cones  are  ellalnalcO,  CUh  and  wUdlifc  ImbJrat  It 
altered  irreversibly,  and  ujtor  quality  la  degraded. 

The  effect  of  lake  level  regulation  is  depicted  for  two  of  the 
largest  end  tost  rceenc  flood  years  In  Figure  5.32.  The  majority 
of  the  rainfall  occurs  in  the  wet  season  between  June  and  October. 
The  lake  level  fluctuates  d feet  on  the  average,  but  fluctuation  was 


etorage  volume  varied  from  45.000  ac-ft  to  125,000  oc-fc.  For  shallow 


Lake  stages  were  regulated  during  the  1969  flood  period. 

In  order  to  better  understend  the  dynonics  of  the  lake  basin, 
hydrologic  budgets  have  been  prepared  for  tbo  lake  to  provide  an 
estimate  of  retention  limes  and  loflow  and  outflow  volumes,  The 
resulting  balance  of  Inflows,  outflows,  and  changes  in  storage  is 


year  for  rainfall.  The  monthly  budget  ia  baaed  on  applying  Che  con- 
tinuity equation  Co  Che  lake  basin  (equation  2.4).  gslnfall,  evapo- 
ration, tributary  infloss,  surfaca  runoff,  and  lake  outflow  are  used 

of  surface  runoff  were  obtained  by  applying  the  MLAND  model  to  the 


present  land  use  conditions.  The  calculated  storage 
lake  compare  favorably  with  the  observed  veluea  as 


Retention  time  in  the  lake  ia  defined  as  the  total  lake  volume 
divided  by  the  outflow  of  water.  From  Che  hydrologic  budgre,  rctonclDO 
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ace  autflaws  Irom  the  laka  were  sera  for  tDOSC  o£  ebe  tuoalhe  durlag 


64.  However,  everege  oocflows 


s eeeuaed  Co  be  ebouc  5.0  xonchs,  which  Inpliee  Chet  the 
er  2.4  [lees  per  year,  on  Che  sverege.  Ic  is  difficult 

e reguleclon  schedule  which  aelncalce  high  pools. 

while  Che  everege  storage  has  been  reduced  for  flood  control,  thus 
producing  ahor ter  recencion  Claes.  In  general,  the  value  of  rccencion 
cloe  depends  on  Che  hydroperiod  variaclon  in  the  lota,  and  because 
vet  season  inflous  and  outflows  represent  the  greater  percencege  of 
voluQS!  over  Che  year,  the  average  weighted  receotion  tine  is  reduced 


the  fleod  control  regulation  are  important  fmai  n water  quality  Kland- 
poine  an  diaciiuaed  in  the  next  aoction, 

'Hie  primary  purpose  for  lake  drawdown  la  to  reduce  conaolidated 
sediment  depth  by  expoeiog  sections  of  lake  bottom  to  the  air.  Tn 


and  nitrates  generally  remain  it 
Several  lakes  in  Florida  have  be 
of  drawdown  (Fox  and  Breaonik,  1 

The  drawdown  sequence  on 


produced  for  bottom  plants  and  game 
I is  expected  to  result  in  reductions  In 
ind  volatile  solids.  Phosphates 
le  newly  consolidated  sodlment. 
studied  In  relation  Co  Che  effeots 
i),  and  ronaolldecion  of  sodlaants 


\ Lake  Toho  proceeded  fton  a high  pool 
of  55  feet  in  March,  1970  to  a low  pool  of  52  feet  in  June.  Following 

1971  with  a drop  In  elevation  to  48  feet  by  June,  exposing  up  to  50 
percent  of  the  lake  hoccom  to  the  air.  Reflooding  occurred  gcsdually 

of  52  feet.  Complete  results  of  the  drswdown  experlsenc  such  as  the 
response  of  fleh,  vegetation,  sediments,  and  algae  are  available 
(GFC,  1972,  1973).  Water  quality  and  nutrient  loading  effecta  are 

was  a gradual  increase  in  concentlaticn  of 
duction  as  rsflooding  progressed. 

Table  5.16  shows  the  average  weter  quality  at  three  lake  stations 


.d  reduced  volume 


demoneCraces  a concencrecion 
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jlddit^ot  from  north  to  sc 


IS  Isles  (see  Fii;urc  ;.33).  Kessi 
otal  urgontc  nitrogen  (TON)  are 


Reduction  in  ceflec 

increased  productivity  in  the  lake,  Toti 


plants  serving  cities  around  the  n> 
e depicted  as  stations  5 through  9 

the  sewage  treatment  plants  hi 


for  Lake  Toho.  The  nutrient  budget  approach  is  similar  to  tba  one 
used  by  Shannon  aod  Breaonlk  (1972).  Table  5.17  presents  the  results 
of  Che  annuel  budget  for  nitrogen  and  phosphorus,  where  it  osn  be  seen 
that  the  sewage  treatment  plants, are  the  major  source  of  nutrients. 
Comparing  the  areal  and  volumetric  loading  rates  to  the  critical  load- 


2» 


c4utriont  Budgcc 


Tohopekallga. 


Nicrogen  Phosphorus 

[10^  t/rr)  qu^  g/»rl 


Volusecrle  Load 


phocpborus.  Tlie  cxcavdingly  Itigti  levels  fer  phosphorus  cosippr^d 
Co  nitrogen  provide  s readily  avuilsbie  source  for  Che  greuth  of 

Alcbcugh  Che  drawdown  expeclnenc  did  not  resulc  in  inproved 
wscer  gualicy,  fc  did  succeed  in  escablishliig  the  aajur  source  of 
Che  problem  during  Che  water  quslicy  monicorlng  prograa.  The  CfZ 
(1972)  feel  thsC  Che  Created  effluent  is  Oie  predominant  factor 


DlacrlcC  during  Che  past  two  years  in  the  upper  chain  of  )elres  have 
revealed  an  interesting  response  (Figure  5.24).  The  dlscribucfon  of 

The  concept  of  retention  time  T can  he  used  Co  explain  the  observed 
decline  in  eoncenUaClon.  As  la  ths  case  of  Che  river,  equation  5.5 

of  T and  k,  the  first-order  decay  coefficient.  Since  C/C^  is  known 
(Figure  5.34)  end  T is  esauned  to  vary  from  4.0  to  6.0  moncha,  one 


15  n n n 5 5 i r 


rcenc  upt.^ku  conperei]  t' 


ke  mju'lcnc  uptake  i' 


order  ul  magelcude  J.eas,  but  will 

Chat  the  exponential  deeay  (Figure  5.14)  la  in  reality  a 
e procesa,  with  an  initial  rapid  loas  of  nutrients  over 

1 decay  stage  of  several  aontha.  This  type 
ind  0.1  day''  for  the  initial 
e frequency  of  data  collected  by  the  FCh 
on  lake  Toho  does  not  allow  a more  accurate  decerraination  of  k. 

coefficients  teed  to  increase  with  temperature,  i*lch  affects  biologi- 
cal and  chemical  activity.  Ketentlon  tiirrea  are  shorter  in  Che  vet 
seacon  when  decay  coefficienCa  arc  at  their  peak,  and  longer  in  the 
dry  season  when  uptake  ratea  are  at  a oininuiv.  Thus  Che  hydroperiod 
variation  in  the  lake  significantly  Influences  Che  potential  for 
nutrient  uptake,  eapeclally  In  Che  wet  seeson.  These  relatlonshlpe 
.e  altered  In  order  to  retain 


of  respoosa  would  yield  a 


Imply  Chat  regulation  achedulea  si 


s rapidly  as  possible.  Theae  change 
f flood  storege,  so  that  a balance  c. 
f water  quality  and  flood  control. 


n drawing  the  1: 


for  CaiiAdlen  lakes  developed  by  Klrehncr  and  DlLLoa  (1975),  They 

to  Lbc  lake  (n/yt),  defined  as  the  lake  outflow  divided  by  lake 
surface  area.  For  Lake  Toho,  the  areal  water  load  Is  2,64  o/yr  on 
the  Bvetage,  and  this  corresponds  to  phosphorus  uptake  of  66  to  62 
percent/yr  from  their  relation.  The  observed  uptake  ii 
Lake  Toho,  although  receiving  excessive  I4 

It  should  be  mentioDCd  chat  this  altuacion  la  sublect  to  change 

and  runoff  races  such  that  retention  clmes  are  reduced.  If,  for 
example,  average  wet  season  retention  times  were  reduced  from  4.0 

assuming  a coostant  flrsc-ordsr  decay.  Such  a reduction  would  have 


the  near  future.  Advanced  wi 
te  water  arc  two  posaible  alCcrnativea  wl 


y irrigation  of 


Mar^h  ArL'ag  tor  Bunoft  Storaue  aftd  Conrrol 

flooiiing,  and  poBslbdy  treating  runoff  wotecs  utilizing  nutrient  up- 
take. Because  the  KlnsiietTiee  River  Basin  Is  coepoeed  of  large  areas 

crolf  a detailed  investigation  was  undertaken  by  the  FCD  on  Cbaodlcr 
Slough  in  PU  16  (see  Figure  3. 1(3).  Both  water  quantity  and  water 
quality  response  were  aonitored  for  the  1976  wet  seeeon  (Shill  aoo  Hal- 
letc,  1974). 

Reeulta  of  the  study  on  a 970-acre  section  of  isarsh,  monitoced 
(or  hydrologic  and  nutrient  inputs  ns  well  as  outputs,  indicate 
several  interesting  characceristies.  Flow  Bcoeureramts  allow  the  cal- 
culation of  retuntlon  tiniee  in  the  norsh  tor  July  and  September,  1976. 
Theee  range  froo  2.13  days  up  to  5.80  days  depending  on  the  ratio 
of  storage  to  outflow.  In  addition,  depth  and  (low  voluea  are  rclotcd 
through  Che  Hanning  coefficient  and  slope  (equation  2.13).  For  a given 
slope,  Hanning's  n increases  with  depth  in  the  marsh  os  shown  in 
Figure  5.35  from  Shih  and  HalloCt  (1976).  Ihe  Corps  of  Engineers 
(1956)  relationship  developed  for  ssvgress  la  the  Everglades  is  plotted 
for  oomparison. 

Using  tbu  Hanning  equation,  Ic  ia  possible  to  develop  a scege-dis- 
chargs  curve  for  the  marab  area,  which  ia  nonlinear  as  shown  in  Figure 


(J.J) 


on  the  r&ngo  of  roteotiun  times  from  3.0  to  3.0  dey.e  In 
feptenbur,  197A,  the  incsaored  uptjke  of  total  phosphorus  in  the  ciersh 
USE  approximately  55  portent,  with  a reductlou  from  0.30  to  0.14 


5 providing  a signifies 


nutrient  uptske. 
Hgtention  tlam  sn< 


to  more  accurately  estinate  the  response  of  the 
li  accepts  daily  inflows  from  the  KLAND  model. 


assumed  that  all  runoff  from  PU  16  passes  through  the  970.ocre  msrsh 
before  reaching  Che  Kissimmee  River.  The  model  is  bssud  oo  the  con- 
tinuity equation  end  the  stage-dlschsrge  curve  depicted  In  figure 
5.36.  Coiqilete  detaile  of  the  structure  of  the  modal  are  nvailable 


(Heaney  et  al. . 1975). 


The  marsh  model  was  applied  la  order  to  determine  the  dlstribu- 
fo  of  retention  times  In  the  marsh  as  a function  of  contributing 
id  use  in  Fli  16.  Only  40  percent  of  Che  runoff  is  retained  longer 

1958  land  use.  If  the  total  marsh  sise  In  PU  16  is  reduced  by 


to  10  percent  tor  1972  land  use.  and  20  percent  for  1958  land  use. 
These  results  indicate  Che  significant  Influence  of  contributing  run- 
off end  relative  mereh  size  to  the  predicted  value  of  retention  time. 

The  above  conditions  are  analogous  to  the  hydrograph  response 
of  pure  translation  compared  to  resorvolr  storage  and  attenoacion. 


and  octcnuacion  accurfl  when  Inflow  runoff  is  hclil  up  by  storogo 

and  released  over  a longer  period  of  tiiee.  Barnes  and  Golden  (1966) 

sbov  chat  flood  attenuacion  la  slgniflcancly  decreased  when  Ihc  percent 


Figure  2. IS).  But  Che  atcenunclon  in  also  dependent  upon  Che  ratio 
of  drainage  areo  to  oarsh  area.  Besiilcs  for  PO  16  Indicate  chat  when 
this  ratio  esceeds  about  25:1,  aCCunuation  la  algnlfleantly  reduced. 

These  findings  ehow  chat  Che  ralacive  slae  of  aarah  storage  arena 
hae  a profound  influence  on  fined  potential.  Aa  Cfanae  areas  are 

control  la  elowly  reduced  up  Co  a point,  beyond  which  there  la  a very 
rapid  leas  in  attenuation  potential.  Tlila  breek-poinr  occurs  when 

detention  dee  and  nucrlenc  uptake 

As  discussed  ebove,  Che  marsh  provides  up  Co  55  percent  uptake  of 
total  P.  But  chis  uptake  Is  dependent  on  many  complex  factors  of 
biological  growth  and  system  response.  A simple  approach  Co  the  problem 
of  predicting  nutrient  uptake  was  developed  for  river  and  lake  systems 


of  k and  T can  be  determined.  Based  on  the  PCD  water  quality  dsCa  in 
the  marsh,  nutrient  uptake  rates  were  calculated  for  two  runoff  events, 

first  event  yielded  30  percent  uptake,  end  the  second  vielded  55  percent 


upiikc.  From  chJa  InrurwfltJon,  i>np  can  solve  £cr  k,  the  flrst-oc'lop 
decay  coefflclenr  in  etjuatinc  5.5.  The  rsealcing  value  ac  20"C  is 


The  dlsLrihulion  of  reCQhCior  tisc  in  Che  presenc  msrsh  area 
indicates  an  average  ratencion  Ciue  of  5 days  or  a potential  for  appcozl- 
Tsaccly  50  perconc  uptake.  This  reproseocs  a significaec  portion  of 

reaches  the  river  channel. 

In  suianacy,  Che  eitperiBOncal  aarsh  area  in  PU  16  has  been  studied 
Intensively  In  order  Co  deCeralne  its  ofCcct  on  runoff  volumes  and 
quality.  Further  srudleo  are  planned  for  tha  Immadlata  future.  Re- 
suite  indlCBCo  that  marsh  areas  do  provide  a significant  level  of 
control,  both  from  floods  and  nutrient  loading,  as  long  aa  recencion 


le  previous  bulli 

Bentlaya969)  found  this  to  be 
the  spring  thawing  effect.  Ir 
applied  in  the  Kisslaisee  Rivet 


first  heavy  rainfall. 
Wisconsin  marshes  due 


conausioits 


or  river  basin.  Surface  runoff  <^uonclcy  and  cjuaZlLy  have  been  ohacaC' 
reriaed  aa  a funcclon  of  land  use  and  drainage  paccerns  for  seuetaL 
different  components  in  Che  basin.  Theae  include  planning  unite.  Lake 


Characteristics  of  Che  hydrologic  and  nucrlenc  cycles  In  the 

gating  linkage  mechanisma  between  land  and  water  systciK.  The  concept 

port  mechaolsme  in  each  componant  of  the  river  basin.  Both  hydrologic 
and  nutrient  cycling  iquantlty  and  quality)  are  influenced  by  Che  re- 
tention time,  and  ae  theee  are  altered  by  varioua  management  practices, 
the  pecential  for  etorage  and  treacmenc  le  alao  affected. 


Storage  and  Betentlon  Tine 

The  hydrologic-land  uee  model  HLkSD  calculetee  e werer  balance 

uoua  eaclmate  of  etorage  ebangee  and  runoff  production  from  each  plan- 
ning unit.  Source  areae  of  runoff  are  identified,  and  characteriaclc 
retention  Limes  are  calculated  for  different  land  use  and  drainage 
coodicinnB,  based  on  the  detention  storage  constants.  Base  flow 

a incorporated  as  a function  of  sol]  Toolature  storage. 


Cal culaccd 


{Table  5.3}  froa  various  lard  uses.  Planolns  units  chorncterized 

bydrographs  at  S65-E  ravaeled  a T value  of  3.5  days  for  the  Klaslmnaa 

on  Lake  Toho  yielded  an  average  T value  of  130  days,  while  the  970~ 

somewhat  comparable  to  the  lake  when  considered  on  a per  acre  of  marsh 
basis.  Similarly,  the  soil  eystem  is  within  this  sooie  order  of  isag- 

3.0  days  for  a planolog  onlt  or  the  entire  river.  These  results  have 

Kutrlent  source  loadings  are  discussed  In  Chapter  III  for  various 
land  uses,  Results  are  presented  in  Figures  3.1  and  3,2,  shoving  that 


Transport  and  Rctsarlon  Time 

Setencion  time  Is  an  important  concept  In  dietlnguishlng  modes 
of  transport  from  the  land,  through  Che  soil,  and  Into  marshea,  lakes, 
and  streams.  FLood  attenuation  and  Iba  potential  for  nutrient  loading 


depend  Co  o largo  csLcnC  on  Che  length  of  ovurland  floe  tli’-ough  vegeta- 

biglKr  nmoCf  racea  In  areas  domirmced  by  incense  drainage.  The  resoLcs 
frtna  Lho  drainage  density  analysis  reveal  Che  dlicrlbucion  of  chcao  ef* 


planning  emit  suecaries  for  the  various  drainage  cecegorlea.  Planning 
unit  values  range  Iron  2.92  Co  8.63  ai/aq  ai  while  individual  sloughs 
range  from  1.19  Co  9.23  ai/sq  ml,  with  higher  values  assoeiaced  with 
areas  of  diCohed  iapreved  paacure.  Regions  south  of  S65-C  (PU  16  and 
17)  have  the  hlghesc  densitios.  theee  values  coapace  favorably  with 
the  average  of  4.0  ui/aq  ai  for  the  eastern  Unlccd  Scacos. 

about  30  percent  on  Che  upstresa  side.  Theee  resulce  ere  due  Co  drain- 
age accivlclss  which  beve  locreased  surface  runoff  volumes,  es  indioa- 
ced  by  drainage  denelcy  (Figure  5.15).  In  addition,  drainage  density 
serves  s8  an  indicator  for  retention  cine  for  particular  land  uses  or 

Short  retention  tines  from  intensively  drained  ereas  can  contri- 
bute CO  an  increese  in  surface  runoff  as  well  as  imcrlent  Josdlng. 

related  to  drainage  density  (Figure  5,17),  and  this  leads  to  a Further 
relationship  bscweeo  drsinage  density  and  nutrient  lending,  Positive 


rplocjoniililpfi  am  obcalncd  for  the  lower  Klsoltfl&cc  River  Basin  when 
eonecncrntlon  of  coeal  P is  plotcet]  vsrsos  drainage  deiislLy  (Figures 

planning  unit  and  asfioclaced  nutrlenc  conceniracicns,  nntrient  loading 
races  by  planning  unit  are  caleulaced.  An  exponential  celsticnship 
with  D,  is  presented  in  Figure  5.22.  Nucrienc  delivery  rates  range 

In  general.  Increased  volumes  of  surface  runoff,  higher  nucrieut 
fercllisers,  as  shown  in  Figure  5.24.  But  Che  drainage  deneicy  Index 


River  RoutioB  Results 

Flood  control  has  long  benn  an  inporcanc  issue  in  Che  Kissiiumae 
channelised  (1969}  and  original  floodplain  conditions.  The  besln  has 


compared 


be  Eccn  Lbet  the  aojcl  1ft  able  to  slmuloLo  the  liydrolotiic  re- 
fer flood,  drought,  and  overage  years.  A sunnnary  of  flow 
*c  aelected  plaonlag  units  (Table  5.12)  Indicates  the  distrl- 
of  surface  and  eubaurface  runoff  volumes  for  19)2  land  use 

Planning  Unit  16,  chacacterleed  by  high  drainage  denalty, 
f percent  as  surface  runoff  compared  to  30  percent  foe  PU  13. 
al  volumes  of  runoff  do  not  appear  to  Increase  under  future 
patterns  (2020),  the  percentage  of  totsl  ruootf  whlnh  la  via 
drainage  density.  For  example, 


storage  capacity  to 


'row  floodplain.  Travel  tlmea  were  slower  under 
luse  upland  marsh  and  slough  reCeoLlon  provided 


water  into  drainage  canals  at  a fasi 

ratention  time,  for  the  Kiasimtee  B. 
for  the  original  floodplain. 

of  the  loading  is  generated.  Figore 


s cresting  a 


a possible  upper  ll 


e generally  locressing 
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trond  fi>r  total  P as  one  proteeds  doonstrcoBi  along  the  river.  Tltc 
daahed  line  aignifiea  the  uptake  oT  nuCrieocs  which  would  occur  if 
lateral  InClowe  were  cotnpletoly  curtailed,  baaed  on  a laaaa  balance 


Baaed  on  the  above  analysis  of  river  rooting  and  nutrient  uptake, 
it  can  be  concluded  that  the  river  and  floodplaia  alone  do  nnt  provide 
avfficient  nutrleot  uptake  dve  to  the  abort  retention  tiiee.  In  addi- 
tion, tho  water  entering  the  upstreatt  end  of  C-3B  ie  of  fairly  good 
quality,  and  degrades  rapidly  below  S6S-C  due  to  agricultural  loading. 

Since  nutrienc  uptake  requiraa  relatively  long  retention  tiaes, 
the  greatest  potential  for  uptake  would  occur  in  lakes  and  iparah 
storage  areas.  These  aresa  provide  a double  service  in  helping  to 


yields  soeoe  interesting  ii 


Bssed  on  the  hydrologic  budget  on  Che  lake,  average  retention  cLoe 
In  the  lake  varies  from  4.0  to  6.0  months  in  wet  and  dry  aeasona. 


regulated 


le  depends  on  the  hydrnperiod 


ttMted  eeuage  efriurac  (Table  3.17),  but  tlie  lake  U eiiccoeaful  In 

Che  lake  (Figure  5.34).  The  uptake  depeada  on  both  Che  ficac-oeder 
decoy  coefficient  and  the  recencloe  time.  Eetcnclon  tinea  are  ahortet 


in  Che  wet  aeaaon  when  decay  eoeffictente  are  oC  their  peak,  an 
longer  in  the  dry  aeaaon  when  uptake  tataa  arc  at  a nlnliiuai,.  T: 
Inpltea  that  regulation  achedulen  should  be  altered  Co  hold  uaCi 
during  the  u-et  aeaaon  for  more  uptake,  while  also  considering  cl 

n the  long  run,  some  fo 


cion  In  retention  rimes 
inpect  on  water  quality, 
the  viability  and  habitat 


area  in  PU  16  reveals  their  potential  for 
rlent  uptake.  Retention  times  range  from 
days  and  provide  from  30  to  53  percent  upteke  of  totol  P. 
lea  depend  to  a large  eatinc  on  concrlbocing  drainage  area 
liae.  Flood  actenuoclon  la  aignif Icanely  reduced  when  Che 
la  In  lakea  and  swampa  is  leas  than  15  percent  (Figure  2. IB) 
; ratio  of  drainage  area  to  lurah  area  enoeeda  obour  25:1 
Aa  marshea  are  drained  for  improved  pasture  and  orher  usee. 


asssclaced  pocsnllal  for  flood 


The  distribution  of  retention  time#  in  the  present  marsh  area 
determined  by  a routing  model,  and  tcaulcs  yielded  a 5-d.iy  average. 


or  n potontlol  for  50  porcifol  nutrieoC  oprckc.  Thus  norshos  provide 
a elgnJficanc  porctitJal  for  the  cohcrol  of  sorface  runoff  If  ic  can 

dayn.  During  aacaaelve  rilnfaLl  ac  the  beginning  of  the  wee  season, 
Che  first  flush  of  nucrlence  to  the  river  may  be  a problem  unless 
flows  con  be  delayed  initially. 


Summary  Conclusions 

The  acudy  of  the  Xlssiimnee  giver  Basin  has  revealed  the  ImporCance 
guontity  and  quality  of  rmoff  volumes.  Excessive  drainage  activities 

retention  ciae  and  keep  water  on  the  land  as  long  as  possible  through 
the  use  of  available  marsh  storage  areas  and  amall  cbech  dams  in  heavily 
drained  areas.  Alterations  of  the  river  floedplein  will  have  little 
effect  except  for  Increasing  h.ibltat  for  fish  and  wildlife.  Hutrlent 
uptake  potential  is  comparatively  low  in  the  river  channel  compared  to 


Lover  portione  of  the  Kieainmiee  R; 
overdrained.  In  agricultural  areas,  at 
minimized  by  routing  runoff  through  mat 


e drsinage  effects  may 
e or  marsh  storage  arej 


provide  harmonious  conditions  bi 
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